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GENTLEMEN, „ 


4 


T HE lovers, of ſcience in every 
country owe you extenſive obli- 
cations. Your labours for the ad. 
vancement of natural knowledge, 
the . rigorous exactitude Which 
characteriſes your enquiries, the 
numerous and brilliant diſcoveries. 
to which they have given birth, 
are benefits which entitle you to 

2 _ 
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l E14 
the admiration of your contem- 
poraries, and to the gratitude of 
poſterity. The homage of my 
' fecble productions is not an offer- 
ing to which I attach any merit, 
but a debt chat I endeayour to 


5 
I have the honour to be, : be 
With the me profound cok 
GENTLEMEN, | : 
Y our moſt obliged : 


6) | And moſt devoted 5 
„„ M. A. PICTET. 
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Tu n Eile. being ths. 
rade of labours eee 
onkel. is, in en welpe a 
been ſtill more ſo, had it been pub- 
liſhed ewo. years ago, at which 0 
time the chief part of it was di- 
. geſted ; but the experiments I 
have ſince made have enabled: me 
to inſert new facts, and: ta tectify 
Dinant in which I had confided.” 
On che other hand it is certain. 
ron in. .conſequencs « of this delay, 5 
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I have been- anticipated in the | 


ſu ggeſtion of ſome of the gene- 
ral ideas contained in the firſt 
chapter; Mr. Lavoiſier, in the 
Elementary Treatiſe of Cbemiſtry, 
with which he has lately enriched 
the ſcience, having conſidered the 
. modifications of fire in a manner 
very analogous to mine, And al- 
though certain paragraphs of my 
work reſemble, almoſt word for 
word, thoſe of | that celebrated 
chemiſt, I have preferred letting 
them remain abſolutely as I wrote 
- them, and as they were read by 
$00 Meſſrs. 


£44: * " 8 
Meſſrs. de Sauffure and Senebier, 1 
| and ſome other friends, two years 
before the publication of the trea- 
riſe juſt mentioned; as the teſti- 
mony of theſe learned men, and 
of the perſons who aſſiſted at che 
particular courſes of lectures, in | 
which, during the Hſt three years, _ 
1 developed the theory, whoſe 
abridgement is included in the firſt. . 
chapter of this Eſſay, will ſecure WM” 
me from every ſuſpicion of pla- ; | 
giariſm ; and I am tov much flat- 
tered by finding my ideas coincide 
with thoſe of. that learned acade- 
| mician, to 8 myſelf the plea- 
„„ _ furs 


E X 4, . 


ſure alyremarking it to * read 


ers. 3 wt ? EX 


| Havin g 4 tl 8 this | 
publication, perhaps I ought ſtill 
to have deferred it; as it will be 
ſeen that the, experiments com- 


| priſed ; in the ſecond chapter, re- 
quired t to be repeated in other Cir» 
FD cumſtances; and that thoſe iu the 
fuxxch chapter ought to have been 
varied in all che known acriform 


fluids ; 3, but my er, ſituation 


of my time as 1 wiſhed, or to to 


foreſee with certainty at hat per 


e able 0 l 
4 "hs" 


5 0 1 3 | 
the work, I have preferr@ ibs 


liſhing this Eſſay at preſent, in- 


tended rather to offer new objects 
of enquiry- to philoſophers, and 
to point out certain tracks in the 
ex Rn Ens chan to remove 
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CHAP. I. Iatrodoion—Upcitiainty 75 Ty 
cerning the Nature of Fire Ita 
Modifications may be conſidered 
under four Points of View—Libe- 

rated Fire—Specific Heat—Latent 

Heat Fire in a ſlate of Combi. 

nation, or combined Fire 7 "Pe I 


Cuar. II. Fire and Light have ſome ana- 5 
Ig Propsgstion of Fire in an 
| horizontal Plane Reaſons for ſup= _ \ 
poſing in it a Tendency upwards 
— Apparatus for verifying it b ß 
00 | 
Suppoſition. hs + 5. 0 


Cuar. III. Various Layetlndataba Heat 


and Nature of Surfaces relative to 
their Reflection of Heat Experi- 


nnn RIOT 
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bd CONTENTS, . 
4 . Velocity — Apparent Reflec- 
— = 5 tion of Cold p.88? 


ci r, Deſcription of. the Aare, : 

* made uſe of for obſerving the 
©. Tranſmiffion of Heat through 

_ fome. elaſtic Fluide 8 


ae Preliminary Wan —Ef- 
ett of the Light of burning Taper 
SEP reflected upon a blackened Ther- 
ö | mometer Influence of Daylight 
Examination of the Effect bf the - 
ts. 0 ces of the Globe upon the calo- 
— 5 #3 ©," rific Emanation of the Wax T- 
| "pets, and of the mean Heat of the © 


3-3 & 45 Air within during the mean Con- 
: * tinuance of theſe Experiments 
6 I The Advantages of this * 
225322 . ee n 
LEE % 10 potter af 
Onan, vi Reeder in the dry and 
- moiſt Vacuum filled with the Va- 
pour of ther With electric 
anne 5 15.423 p, 156. 
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Cx Ap. vn. E relating to Eva- 
poration, and to Hygrometry in 
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Cray. VIII. Experiments concerning the 


Temperature of the Air at diffe- 
tent heights — Remarkable Cir- 
- cumſtancss which theſe Experi- 
ments preſent; and Conſequences 
deducible therefrom - p. 244 


Crap. IX. Experiments on Heat produced 
17-7 FriQtion,, ' = p. 263 
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ESSAY ON FIRE. 
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CHAPTER I. 
Introdution—Uncertainty concerning 
the Natureof Fire—lts Modificas 
tions may be confidered under four 
Points of View—Liberated Fire 
Det ine Heat—Latent Haus 
Fire in a State of Combination, or 
combined Hire. e 
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Sciences, whoſe object is the ſtudy of 


2 n. rapid 9 and 
JF = the 


Bu 


ide numerous diſcoveries, - which are 


the conſequence of it, and which diſ- 


- tinguiſh the preſent century, diſcloſe 


bow much we have to expect from the 
future. It has at length been felt, that 


we ought to attack the tree of Science, 
not by the trunk, but by the branches; 


that we ought to accumulate facts, 
vary them in every poſfible manner, 
and only recur to Syſtems and The- 


ories, as to methods of arrangement, 


as to a faint light, which, without 
doubt, may conduct us, in the ſearch 


| of great truths, ta a certain point, but 


which may alſo lead us aſtray. 


$ 2. Invited by taſte and vrofeſon 


to the ſtudy of natural Philoſophy, I 


have thought it my duty to unite my 
| efforts with thoſe of my cotemporaries, | 
to contribute to the increaſe. of the 


. mals of fadts, which ſupport our know- 


!. ... 


8 | 


+ 883 
ledge in this branch of Science; and. |} 
I publiſh my principal experiment, ö 
with their reſults, that theſe materials 
may be ready to be n more 
dexterous artiſts. 3 

93 · Fire, ſome of whoſe modifics. e: 1 
tions are the object of the experiments ge ae; I 


the nature 


of the preſent Eſſay, may be cited in ef fire. 
proof of this humiliating truth, that 
our poſitive knowledge is reduced to 
facts. The antients had ſtrange no- 
tions of the nature of this element: 8 
the heat they called celgfial, that of 8 
combuſtion, of boiling water, of fer- 
mentation, and animal heat, were, a. 
cording to them, ſo many different 
kinds of heat. Theſe errors are no, ö 
abandoned; but the greateſt philoſo- : 
phers of this age do not yet agree in 
their opinions concerning the nature 
of fire. Some conſider it as a ſimple. 
Ree * oy | 


* : | 
* 


To os 
modification of bodies, as a vibratory 


commotion in the particles which 
compoſe viſible aggregates, and they 
attribute change of temperature to va- 

riations in the intenſity of theſe vibra- 
tions. According to other philoſo- 

phers, fire is a peculiar fluid, ſui gene- 
ris, which paſſes eaſily through all bo- 
dies, which is prodigiouſſy expanſi- 
ble, and which, in conſequence of its 
elaſticity, or ſome other cauſe, dilates 
all bodies whole texture it penetrates. 
Amongſt. thoſe, who regard fire as a 
ſubſtance, ſome believe it an elaſtic 
fluid, univerſally- diffuſed, capable of 
vibration; and by. theſe vibrations, 
they explain its principal effects. 
Others conſider it as a particular ra- 
diant emanation, emitted by hot bo- 
dies, and expanding around them ac- 
cording to certain * Some be- 
lieve 


C 3.3 
lieve it without weight; others ima- 
gine that, far from being ponderous, 

it lightens bodies with which it is 
united. Some eſteem it a ſimple be- 
ing, a true element; others believe it 
a compound. This oppoſition be- 
rween authorities equally worthy of 
confidence, and the little concord con- 
cerning facts themſelves, prove but too 
vuell the diſcouraging truth T have juſt 
advanced? Each of the two funda- 
mental opinions has its advantages and 
its difficulties; both explain, almoſt 
equally well, the phenomena; and, in 
the preſent ſtate of this ſcience, it is 
not eaſy to decide, whether fire is mat · 
ter, or o a ſimple movement in 
matter. The expreſſion of quantity 


applied to the cauſe of heat, will there- * 


fore apply to a certain n or io 4. 


ENS. 1 6 ) | a 
certain movement, according as either 
of theſe opinions ſhall be embraced. 
u, jo. 5 4+ I confeſs I would rather, with 
u. one of the firſt chemiſts of our times , 
conſider fire, not only as a ſubſtance, 
but as the univerſal agent, whoſe 
power conſtantly modifies that general 
law of affinity, which tends to unite the 
molecules. of matter in-order to form 
aggregates. I am pleaſed in conſider- 

ing the ſame body now ſolid, now 
liquid, now elaſtic fluid, according as 
the expanſive force of fire is weaker, 
equal, or ſtronger than that of the 
affinity, which tends to unite its inte- 
gral molecules. This idea ſeems to 
me too exquiſite, too conformable to 
the courſe of facts, and the ſimplicity 
of nue, to be only an hypotheſis. 


3 Mr. Lavoiſier. Mr. De Sauſſure has long 
taught the ſame theory 1 in his Lectures. 


8 5. Heat, 


4 * 


- c 7 ) . | 
| 5. Heat, properly ſpeaking, is _ 
of So ig which che preſence offs various 
fire occaſions in an animate body. s. 
The ſtate of an inanimate body, When 


it contains fire, is alſo diſtinguiſhed bx 
chis word: for, in this ſenſe; we ſay, 


nn ee oat Cuſtom has 


* 


dis ed dull r more diſtant from its f 
true ſenſe. Many writers, as well in x . 
our own as in the Engliſh language, 
ſhould have been appropriated exclu - 
fively to the eſſect. They call fire it 
ſelf, conſidered in a ſtate of liberty, 
heat, and ſometitnes the” matter x 
heat. It has likewiſe been denomi- 
me LUN; and mn XZ 


| Tenn fd nd lite tk. 


x * 1 : 
DB 4 + me 
* 8 45 8 
i . 4 

; # 

L | 8 
+ : 
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| „ 

Finally, the celebrated chemiſts, "who 
have 4 propoſed a new nomencla- 
ture, call it caloric; a happy expreſ- 
fion, which, without doubt, will * 
BJ univ adoptec. 
an . e on the igneous 
under four phenomena preſented by the whole of 
view. the diſcoveries made until the preſent 

day, it appears that they may be claſſed 
under theſe four heads, viz, liberated 
Fre, ſpecific beat, latent heat, and che- 
mical or combined fire ; which ſhews us 
this element under fo my different” 
points of view. We n y conſider ie, 
. Libers-figſt, as produced or developed in a 
| certain place by h cate. wh 
ever, and--tending to Jos itſelf 
around the centre or focus as an inviſi - 
ble emanation, which moves accord- 
ing to certain laws, with a certain velo- 
city; which penetrates more or leſs 
| | W 


” 9) 

readily all ſubſtances it meets; which 
coins the ſenſation of beat in ani ——— 
mated nodes cad ee e bee e 

the dimenſions of almoſt all others. 
This is the igneous fluid, free caloric, 
thermometric fire, and, n. to 
others, Bet. 

97. In mando fire by — 
motion penetrates any ſubſtance, thera. 
bulk of this ſubſtance is increaſed ; 
and this is the moſt general indication 
of the -preſence of fire. To appre- 

ciate its gradations, we employ ſub- ; - 
Were may 2 of vo- 


. enn 
ſpect, Mercury has been happily 
choſen. According to this principle 

we may conceive the uſe of Thermo- 
meters: they always admit the pre- 


* 


* 


g "Co 5 
pretty exactiy its increaſe or aims 
tion within certain limits. 
$8. The moſt ar 
fire in its ſtate of liberty is a continual 
tendency to' equilibrium, or to iſſue 
from the place where it is in the 
greateſt tenſion, towards that where it i 
experiences leſs. (I ſhall preſently 
explain what I mean by tenſion.) Thus 
all bodies, when heated, are, in ſome 
degree, in a forced ſtate; the fire re- 
mains there chiefly, becauſe it is re- 
preſſed by the ambient fire. In this 
point of view this fluid cannot, in ge- 
neral, be reſtrained or cobibited, but by 
itſelf: the equilibrium which ſome- 
times reſults Wann is called trout 

| ralure. 

ur. $9. It is eſſential to conceive 
. ww me clearly, from the' commencement, 
at ſort of indication the thru 
ö e ter 


\ 


5 a 
us 3 
ade Let us ſuppoſe a ther- 
mometer in a veſſel full of water, with - 
abſtraction of the ſurrounding air: 
the water and the mercury of the. ther- 
mometer contain fire, which tends to 
quit both. If this tendency be equal ' 
In each, the mercury will neither riſe - 
nor fall, on plunging the inſtrument 
into the water: there will be equili- 
vriom between theſe equal zenflons ®, 
Wand the thermometer will ſhew, by the 
degree obſerved on its ſcale, the tem- 
derature of the liquid. If the tenfion 
of the eee 


my, 


V7 [* -] * 12 5 "CD uu . — Eq] cy. — 


* 


» 1 this a 
has been appropriated to this idea by Mr. Volts, 
who has uſed it in an analogous ſenſe relatively 
to the electrie fluid; but if I did not fear being 
accuſed of neologi/m, I ſhould much prefer the 


word expanſiveneſs (expanſvet#) which renders 
much more n my idea. | 


— 


would have been direted as in. 
3 a ten il 
fon ſufficient to reſiſt a new increaſe. Wi 
The thermometer having riſen as long 
as the introduction of fire into the 
continued, would have ſtopt at the 
Point of equilibrium, and would have 
5 the temperature of the liquid. 
Again, if the zeyfon of the fire had 
been leſs in the water than in the ther. 
mometer, che exceſs w would have been 
the water, __ heh had e 3 
equilibrium: the thermometer would 
have deſcended as the heat abandoned 
it, and ceaſing to deſcend, when the 
tenſion of the fire in the inſtrument 
| cqualion 8 which exiſted in the 


. 


S 8 3 & 


5 . 


> ® Z 


indicated the temperature of the water. 
F 10.. This texffor of liberated fire, on het „ 
in whatever ſubſtance it has pene- . 
trated, depends on two cauſes : on the 
degree of its real accumulation, or ab- 
ſolute denſity, and on the greater or 


DTSA 


(13) 
ambient liquid, it would have again 


leſs faculty of the ſubſtance in which it 


is accumulated to reſtrain or retain it; 


faculty which is called its ſpecific 
by give an explanation. The fenſſon 


is in direct ratio of the denſity, and ä 
[inverſe of the ſpecific heat. 


Thus we ſee how far thermometers 
are from teaching us any thing re- 
ſpecting the abſolute, or even relative 
quantity of heat contained i in the bo- 
dies, whoſe temperature we examine 
by theſe inſtruments. They only 
. us Sp tranflations of the igneous 

„ | 1 Wy 


*a. 


C3 3 
fluid, and ſubdivide, into nearly equal 
_ aliquots, a certain part of the entire 
ſcale of heat, whoſe real extent is un- 
known. | 


Precaution & 11. As the thermometer almoſt 
in the uſe of 


thermome- Always gives or receives heat, in the 


— manner in which we uſe it to meaſure 
the temperature of bodies, it is neceſ- 
ſary, if we deſire that the experiment 


ſhould be phyſically exact, that the in- 


ſtrument ſhould have ſo ſmall a vo- 
lume, that the quantity of fire given 

or received may be — * 
any ſenſible error. 


2nd. State 8 12. Let us at 8 ſuppoſe a 


f fire, ff 
abe bear, certain Punt from whence iſſues a 


conſtant and uniform calorific emana- 
tion; let us place, at equal diſtances 


around it, ſeveral ſubſtances of the 


ſame nature and ſize ; theſe will all 
be * * che calorific ema- 
nation : 


— 


CE fp f ,, A 


8 — 
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nation, and their temperature will riſe 


by equal degrees, and will ceaſe. to 


riſe when the fire ſhall have acquired, 

by its accumulation, a tenſion ſuffi- 
cient to enable them to reſiſt a new 
augmentation; but if we place around 


this focus. at equal diſtances different 
ſubſtances of equal maſs, or equal 


weight, and of different nature; as 
for inſtance, a pound of water, a 


pound of glaſs, a pound of mercury, , 


&c., the fire will penetrate them all, 
and they will all finally acquire the 
ſame temperature, but in different 
ſpaces of time, and by diſſimilar de- 
grees. This may depend upon two 


cauſes difficultly ſeparable : the dif- 


ferent permeability of theſe ſubſtan- 


ces to the matter of fire,. or their fa- 
culty of conducting heat, in virtue f 
which a longer or ſhorter time is re- 


= 
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5 
quired to penetrate their texture; and 
the different faculty of theſe bodies 
to contain, or more properly ſpeak- 
ing, to retain the free caloric. The 
more this faculty or capacity, as it is 
called, or affinity, as I think it ought 
to-be called, 1s confiderable, the more 
it will permit the real accumulations 
of fire, before the term of equili- 
brium, reſulting from that accumula- 
tion, takes place: ſo that when this 
equilibrium ſhall obtain, although it 
may indicate an equal tenſion in the 
matter of fire, it will not indicate, nor 
any thing near it, that this equal ten- 
fion has for cauſe equal accumulations 
of . enn bodies equal in 
mn 
— $ 13. I ſhall explain theſe conſide- 
nes rations, of which it is important to 
_ , RG 
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. | 
jave « very des noton by another 


3 


Let us plunge into a blen b NY 


ter, at the ſame inſtant, a pound of 
dried ſponge, a pound of blotting pa- 


wood. At the expiration of a certain 
time, theſe ſubſtances will be equally 


wet, and will have imbibed all the 


water they are capable of retaining. 


The blotting paper will have been firſt 


penetrated by the water, as being very 
permeable to this liquid. The ſponge 


vill be leſs quickly penetrated, per- 


haps, for two reaſons: firſt, becauſe | 
dried ſponge is leſs permeable than 


the paper; ſecondly, becauſe it has a 
greater capacity of imbibing water, 


and conſequently, ceteris paribus, it 


will require more time to be ſaturated 
vich water than the paper. Laſtly, 


G 
the wood will require a much W 
time to be fully humected, although 
it has leſs capacity, being leſs permea- 
ble to water than the other two ſud⸗ 
ſtances. 

When we take cheſe 1458 fablian- 
ces out of the water, they will be 
wet, apparently, in the ſame degree, 
as well externally as internally ; but 
they \ will be far from containing the 
ſame quantities of water. The paper 
will have abſorbed more than the wood, 
and leſs than the ſponge. | 1810 
This is what happens to various 
ſubſtances of equal maſſes and differ - 
ent natures, plunged into a calorific 
atmoſi phere, and heated to a like tem- 
perature. And 1 believe this compa- 
riſon ſo exact, that J eſteem the ath- 
nity of the water which wets, identi- 
cal to the affinity of the fire which 

heats, 


_— 


TH2 2 
| heats, which evaporates, which, in 
general, produces all ſolutions *, and 
which, as I think, is nothing bat the 
N affinity of coheſion, „ or phyfical affi- 
nity, as J call it, in oppoſition to che- 
mical or elcctive affinity. ORIG 

Could we apply an hygrometer to 
theſe ſubſtances, which have ſerved. 
us as examples, at the moment they 
are taken out bf the water, this in- 
ſtrument would indicate nothing more, 
than that they were equally humected, 
and would leave us ignorant of the 
quantities of water they contained. 
In like manner the thermometer ap- 
plied to ſubſtances beated to the ſame 
degree, will only ſhew, chat the fire 
has an equal tendency to abandon 
_ bur win tech ur _— 2 80 | 


« ve Aifferene from Aiflolurions, 
E the 


7 rately the water, which will abandon 


6 
the abſolute or relative quantities of 
heat which produce this tendency. 
However, we ſhall know the relative 
quantities of water which humected the 
three ſubſtances, if, for example, we 
exſiccate them to the fame degree, in 
an apparatus proper to collect ſepa- 


each of them. | 
We may likewiſe obtain the rela- 

tive quantities of heat, contained by 
various ſubſtances, heated to the ſame 
thermometric degree, if we cool them 


to the ſame degree, in -an apparatus 


proper to receive and meaſure ſepa | 


| rately the quantity of heat which 
abandons them during their refrigera- 


tion. This may be effected either by 
means of mixture, or by the ingenious | 
apparatus in which Meſſrs. Lavoiſier 
| and 


< 13 

Te and De 1a Place ® have 10700 5 
with this intent, the fuſion of con- 

gealed water. 

But yet, by exficeating to the jaw 15 
nz the humected bodies, which 
| have ſerved us as exam ples; we only 
obtain the relative quantities of wa- 
ter, which made them equally wet, 
and not the abſolute quantities of wa- 
ter, which they contained; becauſe 
we are far from having procured a 
perfect exſiccation. In like manner, 
by meaſuring the quantities of heat 
which eſcape from the different equi- | 


panderent fubſtances, heated to the 


fame degree,. we only. obtain, by an 
equal refrigeration, the relative quan- He 
ties of heat, which produced i in them 


4 * | 

metric effect, and not at all the abſe- 
lute quantities of heat they contain; 
becauſe we are ſtill far diſtant om a 


N een *. 
Fire, 


la my preface I have ſaid that I had the 
| happineſs to coincide with Mr. Lavoifier in a re- 
markable manner. I cannot reſiſt the tempta- 
tion of recounting to my reader, what this cele- 
brated Chemiſt has ſaid- in his - Elementary 
' Treatiſe of Chemiſtry, vol. I. page 19, which 
may be compared with what I have faid 
above, two years before. the publication of 
that work, which makes an epoch in the ſci- 
ence. An example“ ſays he, „ of what 
.<6 paſſes in water, and ſome reflections on the 
% manner in which this fluid wets and pene» 
6 trates bodies, will render this more intelli- 
« gible. One cannot, in abſtract ſubjects, too 
ſeduloufly ſeek aſſiſtance from ſenſible com- 


b pariſons. If we plunge into water pieces of 


wood of different kinds, of equal bulk, a 
| 155 foot cube Nn. * fluid will gradu · 
5 40 ally 


3 s 
* 


E oe | 
Fire, conſidered in this point of 
ven, "VIZ. as nn in da 


Y 


6s ally 5 — iiſelf into their pores ; ; they 
« will ſwell and augment in weight, but each 
«© piece will admit into its pores a different 
quantity of water; the lighteſt and moſt 
« porous will lodge the greateſt quantity; 
© thoſe which are compact and cloſe will re- 
& ceive oply a ſmall quantity. In ſhort, the 
portion of water they receive, will depend, 
« likewiſe, upon the nature of the conſtituent 
% molecules of the wood, on the greater or 

« leſs affinity they may have with water; and 
$6 very reſinous wood, for jnſtance, although 
very porous, will admit but little, It may 
« therefore be ſaid, that the different kinds of 
« wood have different capacities for receiving 
-* water; one may even know, by the increaſe - 
« of weight, the quantity they have abſorbed; 


* but it will be impoſſible. to know the abſo- - 


« lute quantity they contain on their being 
u taken out of it, becauſe. we were ignorant 
6 1 er-they chi bs 
01 ſors. their immerſion.” s 


8 | greater 


2 a eſeaped — ers until our 
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1 1s. 
greater or leſs quantity in fubſtances 
of different natures, but of equal 
maſſes, which it penetrates, and in 
which it acquires an equal tenſion, 
has been called by ſome natural phi - 
loſophers, latent heat, and by the 
greateſt number, ſpetific heat. It may 
be defined with the learned academi- 
cians abovementioned, the. rela- 
Fat quantities of heat, ne- 

ce oeſſary to raiſe, through the ſame 
te number of degrees of temperature, 
&« diyers ſubſtances of equal mails.” 
The * f GN ad n 


* own times. I find che firſt traces of 


it in the r celebrated work of 
Moe i Hcation .of : 


. 
the Atmoſphere o, publi ned in ryya: 
and it had been already developed in 
the letures given at that period by 
Dr. Mack, of Edinburgh.” The un- 
——— or er 
miſt, of Meffrs. Lavoifier and De la 
Place in France, of Mr. Wilkie in 
Sweden, of the Chevalier Landriam 
at Milan, of Drs. Crawford and Ir- 


vine, of Meflis. Kirwan, Watt, . 3 


& 
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„ juſt idea of what we call equality: of dinn- 
ende of heat in bodies of different nannte, 
„ when we onee penetrate beyond appearancer, 
« or the indications of the thermometer. It 
„ i very hitte probable chat Aierent bodies, 
„ which art denominated equally do, ds 
eren II 
« contain a ſimilar quantity of fire, in che 
« lame volume or in equal maſſes. _ ba 
Eni fur les Modifications & riet | 


Magellan, in England, have ſingu- 
larly extended this new branch of 
phyſics. They have proceeded by 
experiment, and have taken the ſpe- 
cific heat of water as their unit, and 
as their common. ſtandard, Some of 
Tables of of theſe gentlemen have given tables of 
e the ſpecific heat of a great number of 
Teen, , hot: Wan, n yr. * 
aeriform. 
They hve 815. But are 'they not blameable 
he contde-for ha having neglected, in the compila- 
j 5 tion of theſe tables, the conſideration 
of the volume of the ſubſtances ſub- 
mitted to experiment, and for having 
referred the ſpecific heat ſolely to the 
| weight or quantity of matter? It ap- 
| | pears to me, that to have had clear 
1 ideas of that modification of fire, 
they ought alſo to have conſidered the 
yolume. Thus a pound of air occu- 


0 2709 
pies a ſpace about 800 e e 


than a pound of water; ſuppoſe there 
was neither air nor water in theſe two 
ſpaces, ſo very diſproportionate, there 
would be 800 times more fire in the 
being equal. Let us introduce air 
and water reſpectively into theſe two 
ſpaces, and conſult the tables of ſpe- 
cific heat, we ſhall ſee that it only re- 
quires eighteen times and a half more 
fire to raiſe the thermometer a degree 
in the pound of air, than in che pound 
© of water, which occupies a ſpace 
800 times leſs. Hence this conſide- 
ration ſhews us much more clearly the 
great relative force with which water 
_ retains fire, or its ſpecific heat. 
916. This fire, retained in the air 
| by affinity, may be ſeparated to a cer= 
tain degree from that which is cohibited 
=; „ | by 


| 4 28 ) 
dy ambient fire, in the abſolute f pace 5 
Experi- which this ſame air occupies, under 
proves th a given preſſion of the atmoſphere. 
faculty of 
the vewum It is in this way that we can agcount 
Conn For an experiment mentioned by Mr. 
Lambert, i in his Pyrometry, and which 
Mr. De Sauſſure has repeated in a 
recipient perfectly exficcated ®. 1 
have alſo made the ſame experiment 
5 ſeveral times. If, aſter baving ob- 
tained a vacuum in a receiver contain- 
ing a thermometer, you give a hrik · 
admimon to the air of the chamber, 0 
heated to the ſame degree that the 
thermometer within the receiver indi- 
cates, it will ſuddenly riſe about two 
degrees of the fcale of 80 parts. 1 
ado pt, with Mr. De Savffure, the 


explication | of this Phenomenon, 25 


* 


Flas far rHygrom a N. po 25 
given 
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given by that celebrated geomerrician : 
=. heat,” ſays. gy, chat is car- 
cc; the receiver; joins that which er 
« iſted already in the ſame receiver, 
« unattached to any ſubſtance, and 
« the riſe of temperature is produced 
« by this accumulation of the two | 
% quantities of heat in the fame 


4 ſpace.” The contrary bappens 
when you briſkly exhauſt the receiver: 


and this ſecond fact confirms the en- 5 


planation of the former, I have allo 


varied this experiment, by inſerting - 
the bulb of a thermometer in the en- 
1 N 
condenla We a8 . the. e . 

the cylinder in which your thermome- 
der is lodged, you will ſee it inffanty = 
nie about To degrees. 


9 
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| 8 17. The 


be 


beams th | 
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8 17. The ſame experiment ſeems. 
40 pas that Rev bs vidieanh! and not a 


ſimple movement; becauſe the ther- 


mometer, at firſt cooled by the ex- 


hauſtion, aſcends again in the vacuum 


to the preciſe temperature of the am- 
bient air : if it ſhould not be objected, 


that there ſtill remains ſufficient mat- 


ter in the moſt perfect vacuum our 
machines can produce, to occaſion, 


not only heat by vibration in this mat- 


ter, but alſo a degree of heat exactly 
equal to that which is obſerved in the 


air and other ſurrounding bodies. 
Whereas, by ſuppoſing fire a ſimple, 


very ſubtil elaſtic fluid, which cannot 


traverſe the glaſs. without difficulty, 


the fact is more happily explained. 
F 18. Some authors have attempted 


2. to explain the different ſpecific heat of 


various * by making it de- 


E 


pend on what is called their capacity 
of heat, or their faculty of containing 


convenient, but it appears to me not 


* 


fire in ſuch a manner, that it may bo 
(to uſe a familiar expreſſion) more or 
leſs at its eaſe, i in their various ſtruc- 


tures, and may accumulate theſe in 


greater or leſs real quantities, notwith- 
ſtanding it may exert only the ſame 
tenſion. This expreſſion may be 


very exact, becauſe the only idea it 


offers is bulk, which has been expreſſly 
baniſhed in the conſideration of g 


fic Hanks: 


Wn. the difference 


heat, not to different i imaginary capd- mie U- 


cities, but to the affinity, or, to ſpeak * 


more properly, to the leſs 1 
of . ſubſtances for fire in a 


® n 
- 
e * 
* 
* 
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late of liberty, n 


nearer to a true explanation, and we 
ſhould arrange this claſs of facts un · 


der the ſame laws, which phyſics and 
chemiſtry force us elſewhere. to ac- 


knowledge. 
„ 


doght to retain it more or leſs eſtca- 
Seuſiy in the boden it pen and 
| l 
force, over the attractive force of the 


molecules of the ſubſtance it has pe- 


netraced, the ſpecific heat of differ- 


other words, at an equal tempera- 
ture, will be in a direct ratio of cheir 


„ or. 


F 


balty of bodies with liberated fre, 


12 I have 


S +4 


n 
b F 20. 1 have ſaid, 5 12, that de fret 


is, however, one means of effe@tua- | 
ting it by experimer n * 26 
F | 
ble to heat, the ſpares” of time em- 
ployed t6 raiſe different bodies, of 
equal maſſes, to a certain: temperature 
by the ſame calorific cauſe, ouglu to 
follow a certain law, relative to the” 
quantity of heat, which has produ-- 
re 6 > 
fonof the ſpecific hear of rariow bas. 
dies with: 7be. time required to 'ravſe,. - 
by the ſame calarific. cauſe, theſe va- 
rions bodies, of equal. malles, to the 
ſame temperature, would give, Tthivk, 
1 been - 
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i latent heat. as 
| which ſolids are transformed into li- 
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previouſiy eſtabliſnod, the expreſſion 


of permeability diſengaged from that 
of ſpecific heat. I do not believe 


that any experiments have 5 been * 


Third point. 


of view, 


av 


; N : . — —ñ— 8 ia 1 
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made with this intent. 


§ 21. Conſidering fire as thi fole- 
agent in the two meramorphoſes, in 


quids, and liquids into elaſtic fluids, ' 


it preſents itſeif here under a third 


point of view 5 analogous to t he pre- nf 


ought to be. diſtinguiſhed. - Ef 
The ſame ' ſubſtance, aa as 


| it happens to be in any one of theſe 


three ſtates, not only poſſeſſes a dif- 


ferent ſpecific heat, but modifies, 

even in the act of paſſing from one to 
che other, the matter of fire ãn a very 
particular manner. We owe this diſ- 
owery to the immortal Black, wo 


has 


* 


ceding; but from which, 3 it 


: 


Kt I 


bas named it latent. beat. The ſimple 


expoſition of che phenomena vill ren- 
ax this idea clear. ro ne ue , 


Let us, for example, ſuppoſe - 


of this phe- 


piece of ice, cooled until a ,thermo- menen. 


meter, placed within it, ſtands at 
10 deg. below freezing point * 5 then 


expoſe this ice to a conſtant eee f 
of heat which arrives by very equal 
degrees. The thermometer placed in 


the ice, will riſe uniformly from 10 


deg. to freezing; point, and will there 
ſtop, although the calorific emana- 


tion continue the ſame, and ought, 


apparently, to continue to raiſe the 
temperature as before. This current 


of heat, which arrives 2 


and by * ne at the: e 


„ wi mean n Ele of 50 
degrees, unn I exprefily mention another. 


. 


D 2 therefore | 


Pd 
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wWerefore no longer ſenſible to the 
thermometer, as ſoon as it has been 
thereby raiſed to freezing point; its 
effect is limited to making the ice 
change its flate, in converting it into 
water, and during the whole courſe 
of this transformation, the thermome- 
ter remains ſtationary at zero. 

The fire loſes, therefore, in this 
inftance, its faculty of heating; yet 
the quantity employed, and appa- 
rently deftroyed, in this transforma- 
tion, is ſo conſiderable, that if a ther 
mometer had been placed in a ſimilar 
quantity of ligaid water, at zero, in- 
ſtead of folid water at that tempera- 
ture, it would have been raiſed in the 
ſame time, and by means of the ſame 
heat which was employed to melt the 
ice, to near the 60 «ooh 


T 
A _- 


. 


CEE. 
| As ſoon as the fuſion-is completed, 
ſuppoſing the fame calorific emana- 
tion to continue, the thermometer, 
now actually in water, will admit 
the degrees of heat as they arrive; 


it will riſe ſucceſſively, though ſome- 


what more flowly than before, when 
the ice began to melt. This 


difference is owing to the ſpecific 


| heat of water, which is « little greatet 
than that of ice. 


of ebullition, and there the ſame phe- 


nomenon re-appears. Notwithſtand- 


ing the continuation of the - calorifie 
emanation, the thermometer remains 


into an elafic fluid, and the portion of 


_— * 


B dated Wal 
until at length it arrives at the point 


wa” 


ſtationary at 80%, but the water no, 
changes its fat. I is transformed 
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(#3 
with the water, effected this metamor- 
phoſis, loſes its thermometric faculty. 

The ſame thing happens here that we 
have obſerved in the preceding caſe, 
and an exact equilibrium is eſtabliſhed 
between the afflux of additional fire, 
and its efflux in the converſion of wa- 
ter into an elaſtic vapour. s 
This heat, thus modified by the 
particular ſtate of aggregation in the 
molecules of the ſame ſubſtance, in 
theſe different ſtates, has been named 
latent heat. It is truly latent or hidden; 
for it re- appears entirely, and becomes 
again free caloric, if we reverſe theſe 
changes; that is, if we convert the 
elaſtic fluid into a Lquwd, and the is. 
quid into a ſolid. - * Is 
The heat is & 22. Some Shiloſophers of th the kult 
cally een diſtinction have conſidered fire under 
— thus . of view 5 As being chemi- 
n S cally 


\ 


# 
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wy united with the incegral parts 
ti opinion, One ns Lehink, 
0 call any union chemical, except 
that which cannot be diſſolved: but 
by the action of chemical affinities. 
Now, in this inſtance, the fire has 
not at all loft that tendency to equili- 

2 in eo 


—_ — ifs od ww | 
is ſufficient-to deſtroy it. It, Re i 
is true, its thermometric and calorifi 
effect, becauſe all its effort, all 8 
niſus, if T may be allowed the ex- 
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mmintaining 'the new modification, 
i. Jiquidity or elaſticity, which it has 
produced, and in reſiſting the affinity 

of coheſon, between the integral 
molecules of the ſubſtance with 
whach it was for a moment united, 
and to which it has now given a 
new ſtate. The whole quantity 
neceſſary to produce this eſſect, be- 
comes null for every other purpoſe, 
as long as this new modification exiſts. 
As water, which wets and diſtends a 
ſponge, ſeems to have. loſt thoſe pro- 
gdf graviy; it no longer deſcends, it 
no longer ſeeks its level ; yet it is not 
chemically, combined, for the leaſt 
preſſion diſengages the liquid which is 
.xetained by mere - phyſical or cobefive 
affinity; fo we obſerve a ſimilar com- 
= e in all the 2 of 


= ( 424) „ 
fre, re have bien confderpds and 


6 23. This late of fre eg 
me ſo much characterized: by that ofthe beat of 
the fubſtance which it modifies, that Trager 
I would e 155 
in forming . ns claſtic va- 
pours, the heat of liquidity and te 
beat of evaporation, for the ſame rea- ' 
ſon that we call the water eſſential to 
ſubſtance in a cryſtalline- ſtate, the 
Slaton” cryſtallization ; and I chu 
ſeparate it entirely from the idea of 
— — 


2 > 


: 88895 . 5 3. 24. Latin, 


| ah. Mogi $24: Laſtly, fire, without doubt; 
veaien exiſts intimately and chemically com- 
"15. bined” in bodies, and forms one of 
their conſtituent principles. In this 
caſe, it has not only loſt all thermo- 
metric and calorific faculty, but alſo 
- © that tendency to equilibrium, which 
it has preſerved in all the foregoing 
modifications; and it is ſo firmly con- 
* netted by the ties of chemical affinity, 
chat no refrigeration can difengage its 
elaſticity. Ir exiſts ir this ſtate, for 
example, independent of ſpecific heat, 
in acids, in permanent aeriform fluids, 
- which all appear to owe to it their 
elaſticity; and it is only at the mo- 
ment, when theſe bodies: are decom - 
| poſed by the effect of elective affin)- 
ties, in order to give place to new 
combinations, that this fire is liberated 
from thoſe ties, that it ſprings with 


— 


OC i 3 | 
its naturaÞ energy, "regains a tendency 
to equilibrium, and becomes ba 
Juv this heat rarely ſhews-itſelf: en- 
_ tirely ; in general it partly enters 
ory ns which conceal it; 
it heat of liquidity, of evapo- 
dab: — thus eſeapes our ſenſes. 
But there are, however, few chemical 
mixtures, accompanied by decompo-— 
ſition and new combinations, in which 
the temperature is not changed; and 
in which there is not conſequently 
_ ane at e ma 
N 
25. Two — MIT | 


s mixtures: in one, only à new £844 from 


arrangement of the intepraÞ parts of aithout ha 
the ſubſtances mixt, takes place, which on that nes 
occaſions the expulſion, or introduc- 2 
tion of a certain quantity of heat; in 

che other, there 1s a true decompoſi- 


4 


1.44 ) 


tion or new arrangement of the cen- 
fituent parts. Thus, in the mixture 
CODEINE for exam- 


| Br I —— 
© their fire is obſerved, which becomes 
| ſenſible heat. The mixture of water 
with quick lime is of the fame kind; 
there is no decompoſition, as I think, 
but there is certainly a new arrange- 
ment of the integral parts; and the 
conſiderable heat diſengaged in this 
mixture, may as well be' attributed to 
the heat of liquidity in the water, 
which it loſes in paſſing to a Rate, in 
ſome meaſure, of ſolidity in the bme, 
as to the fire combined with the lime 
— Fg tine | 


= * — 
"I I. 
[4 14 


(4%) 

enges dy the greeri of the 
_ water with lime. Laftly, the mixture 
of ice and ſalt, which decompoſes 

: neither, but which preduces a remark- 
able degree of cold, affords us an ex- 
ample of the abſorption of heat ; be- 
_ cauſe this mixture paſſing to a ſtate 
of liquidity, and not having in itſelf 
its new form, it ſuddenly exhauſts the 


| fire. | 
| e un has cat} act ite; 
| ſpeaking of fire phyſically, and by 


bodies, which ROY ic, cir. | 


no diſplay. of affinities, except. be- 


tween the integral parts of bodies, 
OT 


(4) 
At other 9 26. In :the other. cafe, - the mix- 


* times with 


— — ture is accompanied with true decom- 

— 4 poſition, as, for example, when we. | 

ht. pur concentrated mineral aids upon 
oils; and as the ſubſtances, in this 
example, ate ſcarcely evaporable, 
there is only a very ſmall portion of 
fire diſengaged, which undergoes | 
new connections, and the ſenſible 
heat reſulting from the mixture is 
ſufficient to aicertain the ſi udden in- 


LS | 


flammation of the oil. | 
"This is 9 27. Combuſtion, this ſo. common 
Soyo and abundant ſource of heat, is only 


dee a chemical decompoſition, in which. a | 


part of the atmoſpheric air loſes the 
fire that entered its compoſition as an 
_ elaſtic fluid. This fire having, ac- | 
quired a ſtate of liberty, diffuſes itſelf | 


1558 around the burning ſubſtances ;.a part 
Centers. into new combinations wich the 2 
5 acriform | 


aetiform or ſolid, products of-the- com- 
buſtion, and the reſt * ger 
ſenſible heat. 0 

8 28. F ang one 1 N 
che combined fire. is ſometimes. diſen- 
gaged by a kind of mechanical decom- 
poſition of the bodies in "yeh it is 
containd. 

One might * . — 
to this mechanical decompoſition, 
thoſe caſes in which heat is excited 
or developed by violent percuſſion or 
friction. In particular, I was not far : 
from imputing the heat, diſengaged- | 
by the ordinary method of ſtriking 
fire. with a flint and ſteel, in a great. 
meaſure, to the mechanical decompo- -4 
ſition of the ambient air, reſulting 1 
ſcom the violent contuſion it unde-ͤ 
goes between two hard ſurfaces, which „ 
arike together in a manner the moſtt 

favourable W 


| 7 Bm 1 ugh 
I founded my cotyefture upon the 
| following circumſtance : having often 
= - obſerved, with a microſcope, the frag- 
5 ments detached from the hammer of a 
= piſtol, 1 had repeatedly ſnapped in a 
vacuum, I had never found them in 
2 melted globules, like thoſe obtained, 
by the ſame means, in the atmoſpheric 
vs air, but always in fimple metallic rib- 
rambow. It wilt be ſeen hereafter, chat 
more direct experiments have con- 
vinced me of my error. I ſhalt there 
1 ore range fire, diſengaged by friction 
V7 pereuſſon, in the claſs of the mo- 
Feal, as may be ſeen Cray. I. 
ä Pire, under the fourth point of 
. View, of which 1 have Juſt given a 


at e 


(49) 
combined fire, elementary fire, and it 
has often been confounded with Latent 
; ** 
98 29. N 1 fire, or 
fire in a tate of liberty, has been the 
chief object of my experiments, yet 
a5 the other modifications, I have juſt 
now ſpecified, are likewiſe' intereſted 
in them to a certait derer. 3 


unſettled on this capital Lubje, an 
_ endeavour to claſs the principal facts 
under a ſmall number of heads, and 


d 


CHAPEER . 


eee 577 Fire LY ah Lori. 8 


þ often oo a bw light * we | 
for example, the rays of the moon 
eolkefted at the focus of a concave 
mirror. At other times we have a 


0 45 
ſtrong hea ch woot Hg 
that every 1 
tain rr 8 EY 
2 h light : but be 
chat thi ab en y 9 fimple diffuſion © 


oe * 6439 uy 


ry, £2 * 


nbuſtion, * without wh hich 


ry of hear cannot be pr 
unleſs in the 75 | where "the 0 


out co e i 


„ th te 3 nennen 


je gives, at the ſame 2 


* ung 5 : 8 7 


ng light, ns: 
the actual ſtate. c of our 


ISP Sox 1702 1 


4 
* 


-. 


i * 


1 


e ge, we are able 


light, . 
It of f 


AAAS 5 


* * dl ebrated dans. 


97 . — 
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already quoted, une 
* . 1 Iddes * la Metsorulogie. 
But 


- * 


. be fag, 


0 - k : 
- WL ich ? appear n err * wn 7 


— 


- 
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But theſe f Sitematic diſcuffions would 
. detain us. too long from our ſubje&t. 
Law by 8 31. Fire, diſengaged by any of 


EL the cauſes. we have touched upon in 


ted in an 


horizontal the preceding chapter, i 13 propagated 
plane. hy radiation from the focus where it 
was produced. This fact may be ex- 
plained equally well, by es a 

real emanation from the focus, 
ſimple vibrations excited at this "A 
in the igneous fluid, conſidered as 
elaſtic; and filling ſpace by the ſanie 
laws as ſonorous waves. But the idea 
of a real radiating emanation offering 
ſomething more clear to the under- 
ſtanding, I prefer this ex preſſion. 
It was natural to ſuppoſe that this 
| _emanation, like all others, which 
tend from the center to the circum- 
' ference of a ſphere, ſhould diminiſh 
3 ſurface, in the 
— iꝛverted 


\ 


1 5 
inverted. ratio of the "Ru of the 


diſtance. The celebrated” chemiſt, _ 


Lambert, however, has confirmed 


charcoal, ſeveral thermometers, and 


took every neceſſary precaution to 
render the experiment exact; and he 


obſerved, that their reſpective aſcen- 


ſions were in the inverſe S 


of their diſtances from the fire. 


It is clear, that this law can only have 


place in an horizontal plane through 


the air; for the preſence of fire di- 
lating this fluid, and- rendering W-. : 


1 pecifically lighter, mounts in pro- 
portion as it heats, and carries up- 
wards with it the fire, which dilates 


it; but this effect being the ſame at 


equal | horizontal diſtances, it makes 


V 


this opinion by experiment. He di. 
poſed horizontally, at different diſ-. 
tances from the ſame central fire of - 


no FA „ as to the ; < ult of the 
experiment, in this direction,” 


Has not fire 932. 9 goon really 


8 adi — in ev every dit 4 3 with © equal 
we, faciliry ? And i ging it to move 
indifferently te to every. region of 


an horizontal plane, may it not, at 
the ſame time, have a 
dency to mount, than to deſcend ? 
This queſtion appeared to me, in all 
ref] pects, vorchy of ſome experimental 
inquiries. Modern and exact experi- 
ments concerning 8. the apparent 1 2 
nels of water in a ate of lic quidity, 
compared with water in a ſtate of ſo- 


lidity, might have made us lulpett a n 


antigravitating tendency in fire, an 
theſe conjectures. appeared to merit 


confirmation or refutation. Do 
For chis pürpoſe it. was necellary to 


40 


operate in vacuo with a convenient | 


e  -- , apparmw; 


« ” 17 
aphargteus : far we- hee auth Mens, 
that nothing could be proved. by. ex- | 
periments of this kind made in air. 
The following appenrd to me to poſ- 
ſeſs every requiſite, and 0 n an. 
pendd üben 
8 33 It is & — glaſs Ae 
do inches in diamerer, and 44 —— . 
in length, containing 4 Cplinidiical periment. | 
har of copper, 4 lies in dismseter, and | 
33 inches long, ſupported in the agis 

22 — 8 

| diſtances from its centre. The co 
entremities af the bar. are hallowed 
into hemiſpheres, to receive the bulbs 
of two, very ſenſihle mercunal ther- 
monmeters; and the tube is adapted 
to an air pump by one af its extremi- 
ties, and the vncuum being made, the : 
-retur of air is preventad. by.a cock, 

K-29) /- HS owe 


= 
r e r 


4 
„% — 


_ — 47, mate — ge 


CS 
perfectly air "Fight; with which it is 
furniſhed. 

. "276 er 8 : 
ties in a wooden frame, which is ſur- 
rounded by à chick paſteboard, de- 
figned to defend the tube from the 
immediate rays of the ſun, except in 
the middle of its length, where the 
paſteboard is interrupted for about 
two inches, to give paſſage to the | 
cone of rays, proceeding from a lens 
of a foot diameter, and 19 inches fo—- 
cus, made by the famous Parker of 
London. 14 

From this diſpoſition it is ending 
that the action of the lens on the mid- 
dle of the bar will heat it; that this 


| + heat will be propagated along it, and 


will er opera ex- 


boud mount * e $56? de- 


and; ceteris par wi evol-mors 
ſlowly than the other. 
I expoſed the ne Nabe 
half an hour, h 
of the ſolar rays upon the paſteboard, 
and-upon. de dn portion. af de 


nn in * to dings the 
reſult of the particular influence 1 
— to nn, en * a 


* 1 8 in PE ene = 
Geneva, a large lofty room, where 
no accidental heat could modify the 
reſult. 1 was aſſiſted in theſe experi- 
ments by two learned philoſophers, 
who honour me with their friendſhip, 
12 Andreani, who was hen | 


* 


+... Ca) 
of 09,066 pnfind:conithetorarien, 


another near the inferior thermometer, 


and a third was employed. in directing 
and preſerving the focus of the: lens 


And we noted the minute and ſecond, 


diviſion of the two thermometers. . 


3 $-34- In the firſt experiment, a 
cd table of which: follows, the tube hal! 


bern exhauſted the evening before, 
until the mercury, in the gage of the 
air pump, ſtood at four lines ;. and 1 


ſedulouſſy preſerved... this: _— of 


in my air pump, did not ae 


e ee ee eee 


any air bad-entered, and: found the 
TONY unaltered. The tube was 


placed 


„ I tried if 


ho * [OY - dnt. oo OY  nnyFIEY Ma am GS.  44__ ae tht - ke TR RY JED 


N f 


ble, No. I., give the ule of this 
experiment. The bole fs column to the 
left indicates the minutes arid ſecends | 


in which the mercury of tlie ſuperior 


thermometer reached the degrees in- 
dieated in the ſecond |colutan. The 
third gives the arrival of | Mercury 
of the inferior thermometer at che 


| 


ſame degr 


indicates the differente of time in 


which the inferior tbermometer ar. 


rived Tooner'vr later tllan the iphtior 5 


thermoinerer at the farts degrees 


elevation. The ben = plaved op- 
poſſte each number in the colamn of 
differences, ſhews that tile "Inferior; 


thermometer arrived later, and the! 
e ans 


e * 


e 


j 
j 
| 
} 
| 
| 
| 
| 


he eras TOTES Fa. 


6c; and the fübrth tokibnn, | 
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Infer. Therm Differences. 
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2 
— 
9 


Hannah 


8 


ITED 
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| yy 
7 go. 
10. 


O. 
10. 


84 


245] 


Ty 


$35: On the inſpection of this table, uſt. Ref 


we ſee, that the ſuperior thermometer 
has made a more accelerated progreſs 


than the inferior, which gradually in- 


creaſed, ſo that in the fame interval 


of time, viz. in 38', 45”, the dura- 
tion of this experiment, the former 


roſe 31 degrees, whereas the latter 
was only raiſed 289 by the ſame ca- 
lorific cauſe, acting at an . diſ- 
tance from each. + 

If wecaſt eee eb e 


of differences, we ſee, that they aug - 


ment gradually, although their pro- 
greſs be irregular. I impute this ir- 


regularity partly to the 1 CE of 
the diviſion of the inftruments, and 


| partly to the difficulties attending ob- 


ſervations of this kind, without affirm 
ing, however, that there might not 
be | ons other cauſes, Be that as it 


* 
* 


( % » 


[Exixpmes, is found. to, be, 101 fe-, by 
wishes affe chexmometer are 

degree of elevation later 
. the ſuperior. A very conſidęra- 
_ble difference, and 


However, we ſhall preſently {ee 
chat this was not entirely owzng, to the 
ace 1 endeavoured 10 aſcertain. 


- vation e foregaing table was 
made, and obſerved the Progress of 
ee, nen ee en 


% 15 ing 
E . <4 7 8 bo 
= - 


men, e mne 8 
To 
what 1 durſt have previouſly ſuppoſed. | 


$3 „ I ſuppreſſed the. action of 
moment the laſt gbſer- 


; 
4 
1 
4 
A 
4 
4 

'1 

* 

4 


* e ana e . ike ” 


. continuetcl to riſe, 


although the heating cauſe had ceaſed = 


mometers loft about one degree in 
50 ſec. by the ſunple effect of refrige- 
vation. en ere probable, 
3 the bar of matal, and 


vhich tend eti to abandon dhe diſſeremt 


bi ha nn a cerain la, 
entered 


SEE 


A 


en- a 5 


7 64 ) 
entered the thermometers mote abuti- 
dantly than it quitted them by the 
effe& of refrigeration. The ſuperior 
thermometer roſe 0,8 and the in- 
ferior 0,6 after the ſuppreflion .of 
te lens. We ſhall hereafter find ob- 
ſervations of the ſame Kind, and 
ſimilar reſulte. 
es nt y 37- My firſt experiment a 
only preſumptions in favour of an 
aſcenſve movement natural to fire. It 
was neceſſary to repeat it with the 
tube in an inverted poſition, ſo that 
ſdttztke thermometer, which had been ſu- 
perior in the firſt experiment, ſhould 
x be inferior in the ſecond ;. by which 
 . «diſpoſition it is evident, that the ad- 
_ -  - wantages which one of the inſtruments 
might have had over the other in the 
former caſe, whether by a more per- 
| fed contact between ts bull and the 
Ds = bar, 


e 
bility, would be retained by it iu 
the inverſe ſituation, except, indeed, 
thoſe which depended only on its 
being ſituated above the other; ang 
505 inffuence. al this Poſition forms . | 


The experiment was yepeated, _- 


therefore, the ſollowing day, at he 
ſame hour, with fimilar precautions, 

and with the addition of two other 5 
\ || -thermometers, placed on the outſide 
. of the glaſs tube, near the. entrem -. 
ties, to ſee if the exterior difference _ 4 


119 temperature from below, upwards, | 
1 | would be conſiderable. The vacuum 0 | 
- | was the ſame as in the e | 
8 4 the cock: arch 1 S 


SIN 


- 


"Table Gf the Experiment, No. 1. 
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. 38. On inſpecting the cannot 


differences, between the two * 
meters in this expetiment, we ſee, 
that they are in the e Tenſe, viz. 
the inferior thermometer arrived . 
ſame degrees ſooner than the: 
but the abſolute quantity aſe. 
rence is much leſs. * Ran. quan- 

tity by which the inferior br AE 
marked the preſence of the ſame de- 
gree of heat ſooner than the ſuperior, 


amounts only to 47 ſec. ; Were, in 3 


the former experiment, Ups mean 
quantity amounted to 10 f I, 
cherefore, we ſubtract the finaller . 
number from the greater, we al de- 
firoy thereby the individual inftyence - 
of the thermometers, and rhe xemain- 
der 54 ſec. will repreſent” the reſylt of 
their reſpettive poſitions, or the mean 
17725 ae by which, a ee, the 
8 85 Pa * bree 


Ve 


( 68 ) 
ſu perior thermometer indicated, more 


|; quickly chan the other, the ſame de- 


grees, of elevation. 5 
It may be rematked, that the exte- 


rior thermometers did not differ con- 


ſiderably from each other, altbqugh 
one was placed at the upper, the 


other at che lower end of the tube ; 


and that the ſun's heat being more 
feeble in the ſecand experiment than 


in the firſt, 4t raiſed the eee 


within to only 30 deg. | | 
y 39- A repetition of theſe expe · 8 

riments being neceflary, it was my. 

wiſh, before I proceeded ypon them, 


do diſcoyer ſome mode of leſſening, 
if poſſible, the eſſect produced by 


the more or leſs perfect contact of the 
bulbs of the thermometers in the cavi- 


ties * eee ue of 


the 
* 
* 


the rod. "BC ks 1 encloſed 
| both ends of it, and conſequently the 
bulb of each thermometer in a ſlip of 
diled paper, which was paſſed twice 
round without touching the thermo- 
meters. This diſpoſition (on account 
of the ſlow conductive faculty of the 
oiled paper) was calculated to retain 
around the bulb a part of the heat 
_ tranſmitted along the bar, and per- 
haps to diminith- the inequality re- 
fulting from a leſs perfect contact. 
I introduced, on this occaſion, two 


additional thermometers into the tube, 


whoſe bulbs were placed oppolite the 
ends of the bar, at the diſtance of 
about an inch. Theſe thermometers 
were obſerved from time to time du- 
ring the courſe of the experiment, 

and I have included theſe obſerva- | 


F 3 tionæe 


5 _ 

SC 9.) 
1 in the 3 table. The 
tube was exhauſted tothe ſame degree, 


as in the preceding experiments, its 
poſition the ſame as in the firſt, thar 
is, the cock below, and we proceeded 
in every reſpect as before. 


| __ Tableof the Experiment, ! 
tad on fag re *. ; 
1 Th 
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Foot 4. 


Mean, omitting the laſt. 


1 — 
= conform 
i 


| preceding 
e 


roſe 35 deg. and the former only 


h 
= 9 We have here an experiment 


able w-the made under the ſame cireumftances 


as the firſt, and it offers us fimilar 
—— The mean of 23 ob- 


ſervations, omitting the laſt as too 
near the extreme, gives 93 ſec., as the 


quantity by which the inferior thermo- 


meter marks the preſence of the ſame 
degree of heat more flowly than the 
ſuperior. 


It is alſo obſervable; that the has 


33. in the ſame interval of time. 
The difference between the thermo- 
meters inſulated within the tube was 


min the ſame direction, the ſuperior” 


being conſtantly higher than the 


other, at every correſpondent epocha. 
Ie is remarkable, that being ſo near 
mme ends of the metallic rod, they 


r ſo little of f its ten- 


„* 4 fo Ne EY eas: 


ES» | 
perature; for they differetl om ir 
wards the end of the experimen 


he 41. Ih experiment, he the gr Remark = 


les unit the morn in hich each | 

— obſerved wick ere 

rention, and this interval, as is ſeen in 

the table, was 3 min. for the inferior 

thermometer, and for the ſuperior, 

3 min. 35ſec. This difference is in 

favour of, and tends wo confirm the for- 3 

mer obſervations. „„ 
A the beginning of cls experi- 

ment, we . endeavoured to aſcertain 

the * of time between the appli :e 

cation- of the focus of the lens to the: — 

25 8 oY 
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peared to be 1 min. 45 ſec. x: 
ath experl- | 7 42. We had now to repeat a 


fourth rime the ſame experiment, _ 


m the inverſe poſition, that .is, with 


the cock uppermoſt, as in the ſecond 


experiment. We proceeded with the 
ſame precaution, and in circumſtances 


ſimilar to thoſe of the aforegoing ex- 
periments, and it ** che follow- 
1ng reſults, © 1 


middle of the bar, and the firſt ſign 
of motion in the mercury of the infe- 
rior thermometer. This interval ap- 


8 
in 
th 


12 


238 


* 


dess 20Þ5 988 | 


nett ane. g 4g. We fee here a progreſſion 


ter mer. fimilar to that obſerved in the ſecond ne 
Nye 


logous to 


experiment. The mean of 22 obſce- 


vations, from 8% to 35% omitting 


the laſt, as too near the extreme, 
gives + 40 ſec. by which the inferior 


thermometer indicated the preſence of 


the ſame degree of: fire ſooner than 
the ſuperior: if we ſubtract theſe 
+ 40” from — 93“ given in the third 
experimetit, we ſhall have 53” as the 
mean quantity, by which the ſuperior 


thermometer would have:exhibited the 


| ſame degree of heat ſooner than the 


inferior, if the only difference between 
them had been their relative poſition. 
This, therefore, is the immediate ef. 
fect of the natural aſcenſive tendency 
of fire. It is ſurprizing, and can 


6 only be the effect of chance, that 


mis concluſive number, che compari- 


ſon 
4 
* 1 


on 


aft 


( I7 ad -: 


on of the-mean numbers '> the two _ | 
aſt experiments, ſhould differ only 


ae ſecond from the mean number 


ven by the campariſan of the tus 
mer. The inſulated thermometers _ 
onfirm theſe reſults, che ſuperior ha- 

ing been conſtantly higher than the 

ther, at ſimilar periods of time. In.; 

her reſpects their progreſs was pretty 
vnformable to that obſerved in =: 
oregoing experiments. 

( 44. Finally, the ofcbpailang 36-6 en | 
ng the refrigeration, which were d. 2. 
ade with more care, and cartied . 
ber in this than tn the three preceding | 
meriments, ſeem likewiſe to thew an! i 
enſive diſpoſition in the fiery ele- 
ent, as may be . from the _ 


wing table. 


Cooling. 


Superior. 
| rnfalaed 
Therm. 


was exactly counter-balanced 


9 45. The examination of this ta- Remarks. 


ble affords the following remarks: 


The ſuperior thermometer roſe o 
during the firſt minute 'after the re- 
moval of the beating h 176551 

The ſame thermometer remained 
afterwards ſtationary during 90 ſec. 
notwithſtanding the cold it neceffarily 
ſuſtained, and which, without doubt, 
the 
heat it received from the bar. Laſtly, 
at the expiration of 5 min. it was 
deſcended only ea from.its poi t of 


hn meter, on be. 
contrary, was at 39e, 1 at the moment 
the lens was removed. It 928 
riſe: and at the expiration e 


minute it was deſcended oe, 


An 6 e „ hiflimidadi 


1271 8 
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3 have cooled e cli chen the 
other. | T 

§ 46. It eme S 

.conclude from theſe facts, Which ac- 


»Conclu- 


lions. 


( & ) 


en of time, to judge from 8 its 
progreſs, would not e deſcended 


ö 00, 3. 


n 50 ſec, to 


reckon:from the common point of de- 


mana tbe inferior thermometer de- 
ſcended 14% 1 and the ſuperior 13%,2 
although the latter having riſen higher, 


and having been more diſtant from 


the point of equilibrium, ought to 


cord with each other, that fire ac- 
tually maves more readily-from below 


upwards, than in the appoſite ditee- : 
tion, which is common to all gravita· 


ting bodies; or perhaps that it is 


lighter than another aerial fluid, in 


* or finally, that it is | 
£ffentially 


JT 


7 c 81 » 
elſeatially light. For. I cannot pre- 
ſame that the imperfection of the va- 
cuum in my apparatus, which I have 
ſaid wanted 4 lines, or r part of be- 
ing perfect, could explain ſuch ſignal 
diſproportions. To have. aſcertained 
experiments with the tube full of air, 
and have ſeen the influence, of this 
fluid; but the ſeaſon, already far ad- 
vanced, and likewiſe, very unfavoura- 
ble, would not permit the execution 
of my deſign. 1, ſhall. repeat them 
afſuredly, and L invite philoſophers.o. 
endeavour. to verify this important 
fact, by which many — 1 
be explained. | 


9 47. Since theſe. inquiries were The acade- 


made, I have found that the acade- 27 7 
© ak del ee had undertaken +62? mg 


C&y 

ſimilar inveſtigations, in an apparatus' 
. ſomewhat reſembling mine. They 
introduced into a glaſs tube, in which 
they afterwards made the torricellian 
vacuum, or vacuum by means of 
mercury, two- thermometers pretty 
near each other. They heated this 
tube from without by two hot balls, 
which, they ſay, were advanced 4 
little nearer the infenor thermometer, 
in order to counter-balance the effect 
of the heated air, which might aſcend 
along the outſide of the tube, and 
communicate more heat above than 
below. They aſſure us, that having 
repeated this experiment ſeveral times, 
the ſuperior thermometer appeared al- 

ways to receive more heat than the 

inferior. And they add, that the ex- 

| . ö tube 
1 | full 


( 83 ) 
full of air, the effect was nearly the . 
fame as in the vacuum s. 

- Their method of operating was 

perceptibly very inaccurate. But if 
their procedure was preciſely the ſame, 
the tube being empty, and full of air 
alternately, the trifling difference which 
obtained in theſe two caſes, proves 
ſufficiently, that the preſence of the 
ſmall quantity of air, which might 
have remained in the tube in my ex- 
periments, could not be ſufficient to 
account for the facts they indicate, 
without admitting fire to poſſeſs a na- 
rural aſcenſive tendency. I remarked 
during theſe experiments, that not- 
withſtanding the great heat which the 
bar of copper ſuſtained in the part 


000000 


dum exiguam, poſito tubo acris pleno vel vacuo. 
Tentamin. Exp. natur. p. 73, in go. 
; 8 2 expoſed 


— 


TH 
expoſed to the lenticular focus, none 
of thoſe colours were obſerved, which 
are produced upon the ſurface of cop- 
per and other metals, when expoſed 
in the open air to an equal degree of 
heat. Theſe colours, without doubt, 
depend upon an incipient combina- 
tion of the metal with the ambient 
air, which cannot take place when 
the air is excluded. It would be cu- 
rious to vary ex periments under this 
point of view, by expoſing different 
metals to the focus of a Jens i in va- 
rious acriform fluids. | 


* 
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CH AP. uy 


Shire Experiments on H eat—De- \ 


ſeription of the Apparatus em- 
played. Effect of the Colour and 


| Nature 'of Surfaces relative to 
their Refleftion of Heat—Expe- 


riment on the refrattion of Heat— 


Its Velocity— Apparent Reflection _ 


of Culd 


8 48. Fire 2 propagated ac- 
cording to the laws and modifications 


we have juſt ſhewn, traverſes the air, 

and partly unites with it. - It may like- 
wiſe meet ſolid bodies, in which caſe 
a part of the fire penetrates them, and 


| there undergoes the modifications of 


043: which 


Heat is ſuſ- 
ceptiblc of 
reflection. 


( 86 ) 


which we have already ſpoken ; ano- 


ther part, . of which we are now going 
to treat, is reflected by their ſurfaces. 
Lambert had already obſerved , that 
vhar he called obſcure heat, or heat 
without light, was ſuſceptible of re- 
flection. And I place the firſt ideas 
of the experiments which I have made 
on this ſubject, and which have alſo 
given riſe to a part of thoſe contained 
in this Eflay, amongſt the obligations 
I owe to my celebrated friend, Mr. 
De Sauſſure. I ſhall here repeat, at 


ſome length, the experiment. quoted 


in his Voyages dans les Alps, tom. It, 


Experi- 


- ment on 


— of tin, which form part of my 


5. 353, F926, ed. in ꝗto. 
8 49. We placed two concave mir- 


phyſical apparatus, oppoſite each other 
in a large room, at the diſtance of 


12 e 2 er. Theſe mirrors are 
a a foot 


(9) 


a foot in diameter, and their convexity 
that of a ſphere whoſe radius is 9 
inches, ee but moderately 
poliſned. 


At the focus of « one of theſe fpeculs, 
was placed a mercurial thermometer, 
whoſe bulb was inſulated, and at the 
focus of the other an iron bullet about 
2 inches diameter, heated ſo as not to 
be luminous or viſible in the dark. 

The preſence of this bullet raiſedthe” 
thermometer, | place at the - oppoſite 
focus, from 49. to 14%,5 in fix mi- 
nutes; it ſtopped there, and began to 
deſcend in dene a. the 8 N 
cooled. 5g 

$ 50. | tos raffles moment. upon bos neger, 


the advantages of this diſpoſition for Somme s of 
augmenting che effect of the heat at — — 


a given diſtance. From the poſition an 
of the mirrors oppoſite each eder met 


5 * 


3 


| 
1 
I 


( $8): 
and from known catoptric laws, it 
follows, that a reflexible emanation, 
excited at the focus of one of theſe 
mirrors, is ſent back in part by the 
ſurface of the mirror in form of a 
bundle of parallel rays upon the op- 
poſite mirror; thence, by a ſecond 
reflection, it is again collected at the 
focus of this laſt, in a degree of den- 
ſity it could not have attained without 
this contrivancdge. 

Taking the diſtance of the focus 
from the ſarace of the mirror, and 
the extent of this ſurface, I compute 
that, 1n effect, this mirror receives 102 
of the calorific emanation produced 
at its focus, that is, near a third of 
the whole. It certainly does not re- 
flect this quantity entire to the oppo- 


a fite mirror; a part, without doubt, 


6.10 0 agkin loſt by the ſecond reſlection, 


which 


CF 
which concenters this emanation upon 
the thermometer at the focus of the 
ſecond mirror. I ſuppoſe: that this 
double reflection may deſtroy the 
half, or if you pleaſe, 1 of it, yet 
there will remain r of the total ema- 
nation thrown by this contrivance to 
the given diſtance; whereas, without 
this arrangement, and by placing 
the thermometer ſimply at the ſame 
diſtancę from the calorific focus, in 
ſuch a manner as that it may receive 
ſolely a direct emanation, only a part 
of it would arrive, which part would 
be to the whole emanation, as the 
ſurface of the ſection of the bulb of 


the thermometer is to the ſurface ß 


the ſphere, whoſe radius will be the 
diſtance of the thermometer from the 
centre of the emanation. Thus, ſup- 
poſing, as in our ex periment, the 
thermo- 


| 1 
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90 
thermometer to be 11 feet, 5 inches, 
from the heated body, and the dia- 
meter of the bulb of the thermometer 
3 lines, we ſhall find that the fur. 
face of the ſection of this bulb is 
only zur terry part of the ſurface of a 
ſphere whoſe radius is 11 feet, 5 in- 
5 ches, and that the thermometer re- 

ceives directly, at this diſtance, only 
a part of the calorific emanation ex- 
preffed by this fraction. 
Theexpe- ' 9 51. By placing a lighted wax 
need wh taper at the focus of the firſt mirror, 
22 85 Trax taper inſtead of the bullet, the thermome- 
ter, at the focus of the ſecond, roſe 
in one of our experiments, from 4, 6 
to 14.“ and in another from 4“, 2 to 
14% 3. It appears, therefore, that 
the effect of a burning taper ap- 
ee that of a bullet of the dia- 
| % meter 


( 921 ) 33 
meter and degree of _ I have men- 
tioned. | 


8 52. Bur in the action ae 


1 there Was only pure heat without the action 


light; and in that of the taper a mix- 
ture of light and heat. 
We thought of ſeparating, to a 
certain degree, theſe two cauſes, by 
interpoſing midway between the mir- 
rors a very tranſparent plate of glaſs. 
The tranſparency of this ſubſtance 
would eaſily permit the light to paſs, 
and being difficulty permeable to 
heat, would effectually obſtruct its 


paſſage; and, in fact, the preſence 5 


of the burning taper at one focus hav- 
ing cauſed thè thermometer, placed 
at the other, to riſe from 2.“ to 12.0 
where it appeared ſtationary, we in- 

terpoſed the plate of glaſs, and in 
= ſpace of 9 minutes, the thermos 
. 1 meter 


. — en oo, rt were 


( 92 ) - 
meter defcended to 5% which is 
more than half the number of de- 


grees it had riſen without the interpo- 


._ fition of the glaſs. The plate being 


The ſame 
experiment 
with a ma- 


traſs of 


boiling wa- 


ter. 


removed, the thermometer roſe again 
in 7 minutes to 11%1. However, 
the light reflected upon the thermo- 


meter by the mirrors, did not ſeem 


ſenſibly diminiſhed by the preſence of 


the glaſs; it boulted itſelf in ſome 
manner through this tranſparent bo- 
dy, and thus became ſeparated from 
the heat, the greateſt pant of which 


remained behind. 
$ 53. I had ſtill, "RAY ſome 


ſcruples concerning the experiment 
with the bullet. I feared” that, per- 
fectly obſcure as it appeared to us, it 
might yet be luminous to organs 
more ſenſible to the action of light 
than ours. I believed I ſhould be 

5 more 


( 93 ) 
more ſure of employing a hot ty - | 
not luminous, by ſubſtituting a glaſs 
matraſs of nearly the ſame diameter, 
containing 2 ounces, 3 drachms of 
boiling water, which was ſupported at 
the focus of one of the. mirrors 1 inf 
little baſket of iron wire. 0 
The mirrors in this ee 
10 feet. 6 inches diſtant, and I had 
placed a very thick ſcreen of double 
filk between them. At the focus of 
one was a ſmall thermometer of mer- 
cury, made by Ramſden at London, 
adapted to Farenheit's ſcale. The 
matraſs of boiling water being placed 
at the focus of the oppoſite mirror, 
the ſcreen was removed, and..in*two 5UU 
minutes the thermometer roſe from 
47-9 to 50.9% of this ſeale; but at 
the inſtant the matraſs was taken 
* the thermometer deſcended-. 
954. More 


aas thatit afforded an abſolute quantity of 


% 


| ( 94 ) 
Heat is ab- '& 54. More convinced of the re: 


* ſorbed by 


black bo- flexibility of pure heat, I was de- 


firous of ſeeing if it alſo poſſeſſed, in 
common with light, the quality of 
being abſorbed by black ſubſtances. 
With this defign, 1 blackened the 
bulb of the ſame thermometer, and 
repeated the experiment 1n every other 
reſpe&t in the ſame manner. The 
thermometer appeared more quickly 
affected than when the bulb was clean 
and poliſhed, and the reflected heat 
produced a more conſiderable ef - 

fect, for the mercury roſe from 519; 

to 559:. 1 have fince purſued the 

ſame experiments with a different ap- 

paratus, as I ſhall preſently relate. 
The vr % F 55. The matraſs of boiling water 
men ef an had this advantage over hot bodies, 


heat in my experiments, which was 
| always 


. 
always the ſame. But, on the other 


hand, this heat being inconſiderable, 


I foreſaw that to employ it with ſuc- 
ceſs, I ought to counterbalance this 
leſs intenſity by the uſe of a more ſen- 
ſible thermometer. Thermometers of 
air are known to poſſeſs a ſupreme 
degree of ſenſibility, but I was preju- 
diced againſt theſe inſtruments on ac- 
count of their barometrical effect. 
Yet I thought I could employ them - 
to advantage in theſe experiments, in 
which differences and comparative 
obſervations, made within a ſhort in- 
terval, were the objects of conſidera- 
tion; and indeed N anſwered 


beyond my hopes. 


cheymenatery conſiſts in - Mane Aa 
bulb of 3 or 4 lines diameter, and as 
thin as poſſible, on he end of a glaſs 
9 tube 


* * 
* 


9 
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| tube B or 10 inches long, and of the 


caliber uſually employed for mercu- 
rial thermometers of the larger ſize. 
Both the bulb. and tube ought to be 


very clean and dry within. The bulb 


being held betwixt the finger and 


thumb, the air within is rarified by 


their heat, and expelled in a conve- 
nient quantity: I then plunge the 


end of the tube into coloured ſpirit of 


wine, and remove my fingers from 


the bulb; in an inſtant the air within 


cools, and the preſſure of the atmoſ- 
phere, being no longer in equilibrium, 
cauſes the coloured liquor to mount 
in the tube. When the column has 
obtained about 3 lines in height, 1 
remove the tube, and quickly wipe 
che opt of it. The little cylinder of 
8 riſes in the tube, and ſtops 


, 


5 Es 454 38 US #11 


toning a as as 8 have more or 


* 


lefs rarified the air it contained. 1 


bo afterwards. adapt to. the tube an 
AED diviſion, | graduated by. lines, 
and to render jt comparable with the 
ordinary ſcale at the temperature in 


which I make my experiments, I ſuſ⸗ 
pend the thermometer of air, near a 


very ſenſible thermometer of mercury, 


in a room of a certain temperature, 


and obſerve wih a glaſs (for it is im- 


poſſible to approach without making 
them inſtantiy vary) the correſpon· 


dent degrees on the two ſcales: : I re- 
peat this experiment i in another room, 
whole, tem perature differs ſome - de- 
grees, and hence J obtain the elements . 

of. a comparative diviſion, from which S 
I form a: table for each inſtrument. : 
The extent of their variations depends 


"Wo the difference of capacity be- 


H Rs tween 


F gs } 

tween the bulb and the tube. The 
moſt convenient are thafe in which 3 
ſpace of two inches, which copſe- 
ently admits a very eonſiderable 
| ubdiviſi , anſwers to one degreę of 
the ordinary ſcale. Thefe extempo- 
raneous thermometers are Very con- 
venient in all experiments in which 
there is occaſion to obſerve very ſmall 

8 differences of heat. 

It is neceſſary to empty them alter 
they have been uſed; and for this 
purpoſe it is ſufficient to heat the bulb 
2 Uttle, and wipe the end of the tube 
vhen the liquor is ex pelled. Wich- 
out this precaution, if they are ex- 
| poſed to a certain degree of cold, the. 
bquor mounts into ; bulb, and the 
inſtrument is ſpoiled ; for one cannot 
afterwards, without much time and 


patience, ug wichout N the 


kw Ch ww F* Te 


a new experiment. 


arrive as the mirror, from whence 
they are reflected to the bulb: of the | 
thermometer. 75 Other ee. 


= 
bulb and tube red hot, dry ihe in- 
terior ſouffciontly to.mpke ul of it for | 


I place the ham are Go 
cus of the mirror, the bulb. upper- 
moſt, The tube enters freely a ſmall 


_ cylindrical ſupport, which ſerves as 3 


ſtand, and which may be lowered or 


heightened at pleaſure. The diviſion 


is marked ypon a paper, which ſcarce 
exceeds the diameter of the tube, and 
is paſted upon it; thus the body of 


the inſtrument intercepts but a very 


(mall pan of the rays of heat, which 


857. 1 have just ſaid that 1 had vein 
examined, by an apparatus differing 


on 22 in- 
fluence of 


various fur - 


from the blackened. thermometer, the faces for he 


reflection 


. ſurfaces of different kinds ind OE” 3 


- t 
„HK * 


* 
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in reflefting and abſorbing heat. This 


inquiry makes the pn of * Fn 


lowing experiments. 

J arranged the mirrors at a dit 
rance of 50 inches from each other: 
At the focus of the one was placed 
the matraſs of boiling water, and 
the thermometer * air at * focus 1 
the other. WA 
1 here inform my MEI that 1x | 


generally found the focus of heat of 


theſe mirrors by a preliminary expert- 
ment on the focus of light. 1 placed 


a burning taper in the little baſket 


which the matraſs was to occupy, and | 
when the thermometer, at the focus 


of the oppoſite mirror, preſented upon 
its bulb the diſtinct, fell, and equall7ß 
luminous Hectrum of the mirror which 


reflected the light, Þ was: ſure that 


( 102 ) | 
of the ſurface of that mirror, and 
conſequently, that the bulb was at its 
focus. Having found this point, I 


left the ſtand on the ſpot,” in order to 


complete my thermometer, which re- 


quired only three or four minutes, and 


replacing the latter, after having re- 
moved the tapet, I was: ſure that it 


| was at the focus. mien 


r e ee i 
A ene looking: gals 
2 already men- 


tioned and of the thinneſt glaſs I could 


moet with; and having mounted it on 
a ball and ſocket, like a graphome- 
ter, I placed it vertically in =o _— | 
dle between the two mirrors.” 
This locking glaſs — two 
fubſtances” in perfect contact; the 
glaſs, whoſe two fiekived were equal, 
_ a "yy" thin amalgam, the ſur- 
FF face 


( [368 

face whereof, in comact with the 
glaſs, was poliſhed hike ordinary mir- 
mazed with mercury. £3 

T be looking glaſs veing placed fo 
to intept the ealoric emanation 
in its paſſage fpomn one mirror to the 
' ether, by making half a turm on its 
ſtand, I could preſent, as pleaſure, 
bs, towards the matraſa, either the po- 
glaſs, or the dead white of the amal- 
gam. The difference of theis effect 
upon the thermometer will ſhew which 
of theſe two poſitions: refletitd ot ab- 
ſorbed the heat more eſfactually. It 
is clear, that in this. particular caſe, 
in Which tho incermediate ſubſtance 
| remained 


0 105 3 
| retfiadibd the Fain, theſe . 


ſions molt be näre, I ſeeing that 
the quititlty 25/844 by ü ace 
ovight to de the fände; ad bs he 
quariity vor Fr red ovght conſe. 
 Yittritly ro be #22 ys "IR 
$ 58. The poliſhed hb 
being turned towards the mud, we 
mein Alcon of the 
Ah 
prey, 
of a Gigi of be Sete herds: 
meter. | 
batt o the glas Bezug Withal is- 
wards th init, che HURethibddt 
wi 3e 5. Neg. Heh WE'RE whit 
of two White furfieth, that ich i 
polithed talks heat uche tet Wey 
Thanh tfie other. Taftetwärde Bick 
with many in #6 & little Hoke,” 
| * 4 


/ cbilpatincl kth & the 


the 


Remark. 
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the, back of. the looking : glaſs, and 


repeated the ſame experiment. | 

The poliſhed fide of the glaſs being 
turned. towards the matraſs, the, al- 
cenfion was * deg., and with the 
back of the glaſs turned towards the 


i matraſs, it was 9? 52. 


We have here a very remarkable 
difference of the tranfi miſſion of heat, 
and this difference of 69,2 is 1 in fa- 
vour of that poſition in which the 


| blackened ſurface of the glaſs was di- 


rected towards the matraſs. 8 | 

$ 59. It will be obſerved, without 
doubt, that the effect of the matraſs 
on the thermometer was greater in 


this. laſt experiment than in the for- 


mer, made in ſimilar circumſtances ; 
for, the poliſhed ſide of-the glaſs be- 
ing turned towards the matraſs, the 


thermometer roſe, i in a the firſt experi- 


T ment, 


te 195 7 

ment, to only 0,5 and in che ſecond 
to 3 deg. The thermometer having 
been placed more exattly : at the focus 
in the ſecond experiment than in the 


firſt, might have occaſioned this dif- 
ference... But as the experiments, 
which have been the objects of com- 
pariſon, were made whilſt the ther · 
mometer remained in the ſame poſi- 
tion, this difference can in no wiſe 
change the reſult of the experiments; 
which ſcems.to. manifeſt the inſtuence 
of the nature and colour of ſurſaces 
in the reflection and ee of 
heat. 3 3 irn 
WG 60. 1 was. e 705 .know, $0 Another 
what degree the amalgam and. firatum onthe ofa 
of black contributed. to . intercept | the of: 3 
heat; and therefore, „„ 5 
the aforegoing experiments, I removed, 
all the amalgam > the looking glaſs, 


and 


4 ; * * - 
\ 


( tis 
And began the ſathe experitheft. The 
chermometet how afcendled to 18 deg. 
that is Hdbitt 5 deg. — - 
fen in the forttier experiment, the 
artialgathatetl and blackened fide be: 
ing ternet towards the tifatraſs ; atid 
it Exceeded 15 deg. the aftehilon 
which took place, when the poliſhed = 
ſurface of the looking glaſs was di- 
fected to that fide, frotn hence the 
1 effitinti6nt proctetied. 
1 61. The traufparemt glaſs Mill 
[| = powerfully itterceptetl the Het; fot 
whett it was removed, or wheh it was 
turned only a quarter of a revolutiofi 
We ne, bo tlar is platte 1 as 


Gion, ic rale ſo rapidly, chat if che 
d pperütes kat Been loſt fo ſpot, 
the liquor woult tive eſcapeck fror 
the ediotieter ih E N fecvnds. 

$ 62. I then 


4 


8 6. Ichen fubſtirured a thin 88 


ment with 


of white paſteboard of the ſame. Iron 
menſions as the glaſs, in order to board. 


compare their effects. The thermo- 
meter role 10 deg, that is, the paſte- 
a the glaſs when covered by the 
amalgam and blackened, the black 
part being turned towards the matraſs. 


* Now, as fire poſſeſſes che Trial ef the 


lihed ſurfaces, and by the ſame w 


aner an nne 
circumſtances. 
. Aft 1 pieced, or 
the focus of one. of the ſpheric/ mir- 
rors, the matraſs of . boiling, water, 
and receiving the parallel rays reflecied 
by this mirror upon three different 
A 
b varied 


property of being reflected by po- of beat. 
as light, it ws not impoſſible but that ; a 


{ eB » 

g vitied from 6 lines to 2,7 and whoſe 
focus differed from 24 inches to 67,5 
T could obtain no ſure ſign of greater 
heat at the focus of any one of them 
than elſewhere. However, I am far 
from affirming that heat-is not ſuſcep- 
tible of refraction: perhaps, as glaſs 
tranſmits it with difficulty, it may be 
neceſſary to repeat this experiment 
with metallic lenſes, which afford it a 

more eaſy paſſage. 

FI 64 The velocity: re thiveigh 
ehe air, when in a ſtate of liberty, has 
not yet, to my knowledge, occupied 
the philoſopher ; and I have been na- 
turally led to that kind of experiments 
which ſeems to determine it. Heat 
is generally ſuppoſed to move ſome- 
what _— nag bodies *. mor 1 


a „De Luc. Idbes. fur i Mitdorologie, $ 118. 
DIE, have 


01 
have reaſon to preſume, from my own 


experiments, that in this reſpect” we - 
are miſtaken, or rather that it is ne- 


ceſſary to diſtinguiſh, as we Ty 7 | 


ſently ſee. * 


.. _m_ employed, in this pt the 
methods pointed out by Mr. de Sat- 
ſure *. I diſpoſed two concave mir- 
rors, of a different quality, at the diſ- 
tance of 69 feet from each other. 


The mirror, at whoſe focus I purpofed 


placing a heated body, was one of 


the tin ſpecula already defcribed ; the 


other was a fpeculum of gilt -plaiſter 


of 18 inches diameter, and 15 inches 


focus. I adjuſted my thermometer of 


air at: the focus of the laſt. This ar- 
rangement ſeemed preferable, be- 


3 at fo gleu a diſtance, the im. * 


L . 1 1. 
* wer ai Alpes, $ 9 27% 
. Tu perfection 


3 3 


v'g* # 


perfection of the firſt mirror cauſes a 
diffuſan of the, reflected rays, by 


which a conſiderahle quantity would 


be loſt if they were not received upon 
a ſurface proportionably larger. 


htm hon of the | 


fixſt ſpeculum was placed a very thick 
ſcreen. The obſerver then approaches 


the thermometer, and the experiment 
does not commence until the heat, iſs 


ſuing from bis body, has produced its 
full effect on the thermometer, and 
the inſtrument remains perfectly ſta, 
tionary. The bullet, of which we 
have already ſpoken, heated to a cer- 
ain degree, but not ſufficiently to be- 


baſker 6 ipon-wirg ar the Senn of tbe 


fut mirror. As the inſtant the ſcreen 
is removed, the thermometer riſes, 


and it is unpoſlible, at the diſtance 


9 — — TIER 


111 1 


of time between the cauſe and 
the effect. But let us ſuppoſe that 
even 2 ſeegpd or two might eſapſe, 


6 and the interval is in no cafe * 
between the remoyal. of the — 
and the riſe of the thermometer; 0 4. 


delay unqueſtionabiy be 
cribed 12 difficult p y of 
the glafs « of the wa Boy to the 


matter of fire, and its velocity will | 


ſtill be ſo great, that ax 6g feet, it 
will be undeterminable by this expe 


a greater diſtance. _ 
At the moment the ſcreen is re- 
placed the thermometer deſcends, and 


1 mounts again as, ſoon ag it is taken 


away. It even appears that the ins 


ſtrument exhibits, with ſtill greater 


Papas the preſence of the ewa = 
Ons 6 


ST + 


24 beer r . 
terv 


riment, which I have not e at 


- N y 5 
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nation, when, by a repetition of th 
experiment, the ſpace between the 
focus of heat and the thermometer is, 
in ſome meaſure, filled by the ema- 
nation, than when the ſcreen i is re- 
moved for the firſt time. 
Refletions.” & Gs. If this experiment contfadi ts 

received ideas, it hkewiſe contradicts, in 
appearance, ſome facts: for, it ſeems, | 

when we light a fire in an apartment, 

that the thermometer hung at the other 

end of the room is a confiderable time 

before it indicates the preſence | of 

heat. But if we refle&t on the ad- 

vantageous diſpoſition of the mirrors, 
which IT have explained, 8 34, for 

|” Increaſing the calorific emanation at a 
given diſtance, compared with the 
3 feeble effect of the direct rays, and if 
we attentively conſider the extreme 


en ud of the thermometer, the 
facts 


4 £3 a 


$ 
= Þ 


( uy 3 


- racts1 announce may be reconciled-to_ 


general-obſervation. _ + | 

§ 66. It appears then, that 8 
whether in the air; or in other bodies, nl 
moves, at the ſame time, in two ways. 
That part of the calorific emanation 
which, in traverſing bodies, meets 
only. pores and nothing ſolid, moves in 


_ a ſtraight line, and in every direction 


with a conſiderable velocity, perhaps 
as rapidly as ſound, or even light; 
that part, which meets in its paſſage 
the molecules of bodies, unites itſelf 
with them under the modification” 
ſpeciſic heat, and propagates itſelf 
more or leſs flowly, according to the 


conductive faculty of theſe ſubſtances. 
Ihe firſt may be called radiant beat, 
the ſecond propagated beat.” 15 
9 67. When 1 thought of ſubſti- Ola 2 


wuting on the ſide next the thermo- ben — 


imper 
* | * 5 Bo WENT | 


C14, 

meter, in the experiment made arthe 
diſtance of 69 feet, a large ſpeculum 
inſtead of the ſinall one of tin, in 
order to collect in a large quantity 
the emanation reflected irregularly, at 
this diſtance, by the firſt mirror, it 
was not the one of gilt plaiſter, which 
I firſt employed. I imagined that a 
large concave glaſs mirror of 16 inches 
diameter, and 27 inches focus, would 
beſt anſwer my purpoſe. But I ſaw, 

with ſurprize, that the thermometer, 
at its focus, indicated little or no heat, | 
notwithſtanding the bullet was at the 
focus of the oppoſite mirror. How- 
ever, I preſently found out the reaſon, 
which was very ſimple. We have al- 
xeady ſeen that heat traverſes glaſs 
with difficulty, and that a conſiderable 
Ow of it is intercepted in its paſ- 


ſage: 
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"Ys In the glaſs ſpecula it is not 
their anterior ſurface that reflects the 
greateſt part of the rays, but more 
eſpecially the metallic ſurface applied 
to the back of the glaſs. The heat 
Having the whole thickneſs of the 
glaſs to traverſe before it arrives at this 
ſurface, cannot be reflected without 
repaſſing it, and being thus doubly 
ſifted, by a ſdbſtance which, with dif- 


ficulty, admits its paſſage, but little 


of it eſcapes to act upon the thermo- 
meter. I had recourſe, therefore, to 
a ſurface: purely metallic, in order to 
avoid this conſiderable loſs, and the | 
| ſpeculum of gilt plaiſter, imperfect 
as it was, in compariſon with that 
of glaſs; for the reſlection of light, 
proved much ſuperior to it for he 
JU 1 hear. Een 


Iz $ 68. But 


| „ 
— & 68. But what becomes of the 
ich 7 heat chus intercepted ? We have juſt 


neicher re- ſeen that it is not thrown by reflection 
flected nor 


trauſmieted from the mirror, and likewiſe, by the 
—— experiments made with the looking 
_ glaſs, 5 42, we are aſſured that it is 
not tranſmitted ; it remains, there- 
fore, in the glaſs and heats it. It is 
diffuſed in the ſubſtance of the glaſs 
in proportion to its ſpeciſic heat, and 
we ſhould perceive its effects, without 
doubt, if the mirror remained long 


erxpoſed to the calorific focus. 
ane converſed on this ſubject 
with Mr. Bertrand, a celebrated pro- 
feſſor of Mathematics in our academy, 


and pupil of the immortal Euler *. 
He aſked me if I believed cold ſuſ- 


* He is author of a work entitled D&oclope- LY 
went de la Partie Eltmentaire des Mathematiques. | 


ceptible 


3 


5 ceptible of being reflected? I eonfi- 
dently replied no; that cold was only 


privation of heat, and that a negative 


could not be reflected. He requeſted 
me, however, to try the experiment, 


and he aſſiſted me in it &. 


I diſpoſed the apparatus exactly as 
in the experiment for the reflection of 


heat, and employed the two mirrors 


of tin, at the diſtance of 10x feet 


from each other. Arthe focus of one 


was a thermometer of air, which was 


obſerved with the neceſſary precau- 


tions, and at the focus of the 3 a. 


| m_ Sol af ſnow. 1 


* 


\ * The. 3 421 Cimento, haye ur- 
deavoured, to concentrate cold at the focus of a 
| concave mirror, But they acknowledge that 
cheir experiments had been made in a manner 
not ſufficiently: exaRt to authorize any con- 


duſions. 


pA | 6 4 


—— 


Only ap- 
Tarent. 
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At the inſtant the matraſs was placed 


for experiment, the thermometer at 


the oppoſite focus deſcended ſeveral 
degrees, and remounted as ſoon as 
the matraſs was removed. 

Having replaced the matraſs at the 
focus, and thus made the thermome- 
ter deſcend to a certain degree, where 
it remained ſtationary, I poured ſome 
nitrous acid upon the ſnow, and the 
cold thus produced cauſed the ther- 
mometer to deſcend * 5 or 
6 deg. lower. 

$- 70. The fact was notorious, and 
amazed me at firſt; a moment's re- 
flection, however, explained it. This 


phenomenon offered nothing more 


than a final proof, if it had been ne- 


 ceflary, of the reflection of heat—1 


conceive the matter thus: 


69 0 


Suppoſe A and B, two mirrors, ; 


placed in a room of a certain tempe- 
rature ; let us place, at the focus of 
the mirror A, a thermometer of the 
temperature of the chamber, and let 
us conceive the focus of the mirror B 
to be occupied, as it really is, by a 
{mall quantity of the air of the 


chamber of the ſame Won: of tem- 
perature. "I 


We have ſeen, 8 8, der every. 
has body is, in ſome meaſure, in 


a forced ſtate. Now the thermome- 


ter in this experiment, how little ſo- 
ever its temperature may be raiſed, 


muſt be conſidered as a heated body» 


relatively to every. colder body; its 


fire, therefore, will tend to abandon, | 


ſelf around the 


form of a radiant ee ce a conſi- 


x . 4 derable 


— te ans ce 


— N— — 


(no) 

derable part of which would firike 
the mirror A, at the focus of which- 
the thermometer is placed, and would 
be reflected in parallel rays to the 
mirror B, from whence it would be 
conveyed at its focus. But this effect 
is only potential, becauſe the air at the 
focus of the mirror B, being ſuppoſed 
of the ſame degree of temperature as 
the thermometer, the fire it contains 
will develop the ſame tenſion as the 
ſire in the thermometer at the oppoſite 
focus; and will reſiſt its eſcape with a 
foree precifely equivalent to that 
_ which the fire in the thermometer will 
exert to arrive at the focus of B. In 
this - caſe, then, every thing is in 
equilibrium, and the fire cannot move, 
becauſe che refiftance is on all ſides 
— to the tenſion, 5 


2 


But 


ir 
But if, inſtead of the heated air, 
we ſhould place at the focus of B, a 
body not only colder than the ther-- 
mometer which is at the focus of A, 
but which, like ſnow or ice, ſhould 
be of ſuch a nature as to deſtroy en- 
tirely the tenſion of fire, which arrives. 
there, then the courſe of the fire of 
the thermometer, which, in the ſup- 
poſition we have juſt made, was only 
potential, would become actual. The 
preſence of the cold body would open 
a kind of gulph' to the heat of the 
chamber; it would abſorb the more 
powerfully the heat of the thermo- 
meter, as it would arrive by a kind” 
of funnel; becauſe the mirfor A would' 
receive (d 34) about a third of the 
calorific emanation proceeding from 
the thermometer, and would reflect it 


to the mirror B. from whence it would 
I 


„5 
be entirely loſt in the ſnow contained 
by the matraſs at the focus. This ar- 
rangement is extremely advantageous 
for depriving the thermometer of its 
heat, in compariſon with the direct 
effect of the ſame quantity of ſnow at 
an equal diſtance. We have here the 
ſame advantage in abſorbing the heat 


of the thermometer, that we had in 


increaſing it, when inſtead of a colder 
we placed a hotter body at the fo- 
cus B. Hence the experiment made 


with ſnow does not, in fact, other- 
wiſe differ from that made with the 
bullet, or the matraſs of boiling wa- 
ter, than by the direction in which 


the calorific emanation moves. In 


the latter it moves from the bullet or 
matraſs of boiling water to the ther- 
mometer; from the focus of B to the 
focus of A; and in the experiment 


made 


* 1 © wy wh = may 


Js 
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made with ſnow, it moves in a con- 


trary direction, viz. from the thermo- 
meter to the matraſs of ſnow ; conſe- 
quently the thermometer acts the 
ſame part relatively to the ſnow as 
the bullet in relation to "he thermo- 
meter. 


8 71. And this 5 will, ap- 


| ply, although we ſhould look. upon 
the calorific effect as reſulting, not 


from a real :emanation, but from a a 
peculiar vibration in fire conſidered - 
as an elaſtic fluid, filling the ſpace in 


which the experiment was made. It 


is known that theſe vibrations are ſuſ- 


ceptible of being reſlected according 
to the ſame laws as emanations, of 


which the reflection of ſounds affords 


us daily n . r 


* 
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CHAP. IV. 


Deſeription of the Ap} earatus. 2 

izſe of for: obſerving the Tranſ- 
miſſion of Heat We: fome- 
oe F. nid” 


5 phenomena, which might appear in 

the tranſmiſſion of heat through va- 

rious elaſtic fluids, and even through 

a vacuum, preſented a very extenſive 

and intereſting field of experiments; 

and thoſe of which I have juſt given t 

an account, afforded me the means of i: 

| _ proceeding in this inveſtigation -after n 
|. _ a new mode that might prove advan- 


1 

{ 

c 

c 

| 3 n ] 

Method of F 72. Th E examination of the | x 
x 

t 

0 

{ 


By 


| 
| 
( 125 I | 
By the method I ourſucd it was eaſy | 
for me to heat a thermometer in a 
certain tranſparent medium, without 
heating (conſiderably, at leaſt, in 
|| compariſon with the thermometer) the 
medium itſelf, which, moreover, I 
could vary at pleaſure. By obſerving | 
the progreſs of the heating and cooling | 
of the thermometer in theſe. various | 
circumſtances, their differences might | 
lead to concluſions more or leſs im- | 
portant, which, to me, would cer- | 
| tainly be new. The deſcription of | 
che apparatus I made uſe of to ac- 
|| <ompliſh theſe deſigns, will be the 
ſubject of the preſent chapter. 
: $ 73- T, fig. I., repreſents 3 | 
| thermometer of mercury, whoſe bulubbb + 3 
is 21 lines in diameter; not being 
mounted, the diviſions are market 4 
upon the * irſelf, and extend from „ 


= 


The e ec- 
trome. er. 
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5 deg. below freezing point to the Soth 
degree above, which is marked near 


the top of the tube; the tube itſelf is 
formed into a ring at its extremity, 


and is hung upon the ſtand SS, which 


is allo a glaſs tube; a pair of ſmalt 


forceps 1s fixt to this tube, deſtined 
to keep the thermometer in its place 
and prevent its oſcillations. From 
this diſpoſition, and by employing 
bodies difficultly permeable to heat, 
it is evident I fought to avoid the diſ- 


ſipation of it when once arrived at 


ag thermometer. 


874. Towards the top of the glaſs 
tube, SS, is a ſmall electrometer E, 
compoſed of a piece of metal in form 


of a T reverſed, fixt to this tube by a 
ring, and bearing, at each extremity, 
two pair of little balls, ſuſpended by 


_T fine metallic threads, like 'the 
| ele 


( 127-) 
electrometers of Mr. De Sauſſurẽ. 
One pair of theſe balls is made of 
the pith of the elder tree, the other of 
two turnip ſeeds. Theſe ſeeds being 
heavier than the pith of the elder 
tree, afford leſs ſenſible indication, 
and ſerve, by that means, to gradu- 
ate, in ſome meaſure, the ſymptoms 
of electricity, by en with leſs 
—_ | 
$75. HH is an e algen 

hee; differing only in the form of its 
mounting, from that invented by 
Mr. De Sauſſure. C the hair fixt at 
the upper part, and whoſe inferior 
extremity occupies the bottom of a 
femicircular groove, or kind of half 
pulley, of the ſame piece with the 
index of the inſtrument, and moving 
with it upon a common pivot. H, 

the ſcale divided into 100 parts, from 
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the term of extreme dryneſs to ex- 


- treme humidity at the upper part, 


which anſwers to 100. I ſhall not 
enlarge upon the qualities of this in- 
ſtrument, which have been profoundly 


developed in the #ffais ſur Þ Hygro- : 
metrie of the learned, inventor, and . 


as the inſtrument itſelf is pretty ge- 
nerally known to philoſophers. But 
independent of the advantages which 


a render chis inſtrument, in general, 


valuable, it poſſeſſes one quality in a 
ſupreme degree, that makes it ineſti- 
mable in the kind of experiments I 
had undertaken. I mean its ſenſibi - 
lity, or the promptitude with which 

it conforms to the hygrometric ſtate 


of vacuum, obtained in che receiver 


in the tube had been accurately purged 
ſhews the ſtate of rare faction from che 


porting 3 inches of mercury dm 
to ee ir it gere . 


vn 7 
8 76. R repreſents a ſmall gage or The. 


htde barometer in form of a ſyphon, weer. 
intended to indicate enher the degree 


in which- certain experiments were 
made, or the manometric effecki of 
the elaſtic vapours introduced into the 
vacuum. That branch of the ſyphon 
on the fide R is open at the top; the 
other cloſed. The mercury contained” 


of air by ebullition; and the diviſion 


degree where che air is capable of ſup- 8 


tain it. 

877. Theſe * 100 men eos 
Wakes Lo into the globe BB; fig; Lz1 — be .Y 
and at fig. II. they are repreſented 1 in | 
miniature. The neck of this globe 


5 . 
1 | 1 


(2190 


is covered by a braſs cap, and lutec 


with the lute defcribed by Mr. De 


Sauſſure *, which is very convenient 


in every caſe of this king. 
The whole apparatus, reprefented 

by fig. II., may appear complicated 

at firſt view ; becauſe various objects, 


connected with different experiments, 


and which are not all employed at the 


fame time, are W mr in 


this figure. 


Its general difpc poſition her: the 
means em ployed to heat the thermo- 


meter placed in the centre of the 


globe, and at the ſame time to heat, 
but very little, the fluid by which it 
is filled. It is by means of two wax 


tapers and the mirrors PR; $996 


4 repreſented i in the figure. 


__* Effais fur pee en 


; We 
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We know; that when in a ff pheric 
mirror the radial pornt is placed ſome- 
where along the axis between the fo- 
cus of the mirror and the center of 
the ſphere, of which the mirror makes 
a part, the reflected rays converge 
towards a certain point along the ſame 

axis, and there form, by their union, 
the ſpectrum of the radial point. - 
The courſe of ſome of theſe rays is 
traced on one ſide of the figure, and 
it will be underſtood, without ſaying 
any thing more, that, by this diſpo- 
ſition, the thermometer will be heated 
independent of the furrounding me- 
dium. In order to find the true poſi- 
tion of the tapers, I employ the 
means indicated 5 4r, and raiſe them 
on their ſtands in n. as 9 
cqaſume. F | g 


K 2 678. The 


Capacity of 
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§ 78. The ballon or globe is of 
thin white glaſs in the form of a pear, 
and contains 777 ounces, 6 drachms, 
2 ſcruples of water, at io. deg. tem 
perature, which gives for its capacity , 
1200,199 cubic inches, from which 
deduct 3, 906 for the volume occu- 
pied by the various inſtruments, and 
there will remain 1196,29 1 cubic 
inches, for the volume of fluids ſub- 
get to experiment within it. The 
neck, with its braſs cap, is inſerted 
into à wooden ring open at one fide, 
and ſupported by three brackets mor- 
tiſed into a circle which ſerves as their 
baſe. The globe thus mounted, and 
N che two wax tapers are placed upon a 
board, open in the middle, and this 
board is ſupported 25 a . with 


an D top. 


0 79. Two 


0 1133 ) 
$79; Two pipes ſerewed into the? 
cgi cap, which covers the een 


ical app2« 


of the ballon, communicate with its +a 


interior. One of them deſcends: ver- 
tically, and is furniſhed wirh a ecek 
at R, by which it may be opened . 
| ſhut at pleaſure; a litele lower is a 
ſeeond cock, whoſe key may be ſeen 
in the figure. This pipe unſerews 
between theſe two cocks, and termi- 
"nates in a cylindrieal glaſs receiver, 
open below, and divided into parts, 
which are thoufandths of the total ca- 
pacity of the globe. This receiver is 
introduced into! à ſecon (C) open 
above to receive a quamity of water, 
| which-movnts-to its level in the inte- 
rior veſſel; the i inner receiver is then 
ſerewed upon the ballen, at the ut 
| þ 0s 1 Nag "the ty 
eee | * 


| 2 L Hence, 
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Hence, ſuppoſing the two cocks 
open, and the paſſage from. the globe 
to the interior receiver free, it is eaſily 
underſtood, that if the air contained 
in the globe ſhould be dilated, a part 
of it will paſs into the interior re- 
ceiver, which bears the diviſion juſt 
mentioned, and preſſing the water it 
contains, will raiſe it in the ſame pro- 
portion in the exterior veſſel, and the 
difference of level will become a very 
ſenſible index of the leaſt change of 
volume in the air of the ballon. 
But to know the real augmentation 
of volume produced by the dilating 
cauſe under a ſimilar preſſion, I lower 
the exterior receiver C, by means of 
a ſcrew on the tripod T, which ſup- 
ports it, in proportion as the volume 
of the air augments, and as the level 
of the water tends to fall i in the inte- 
rior, 


( 133 ). 

rior, and to riſe in the exterior re- 
ceiver, and I thus maintain the water 
at its level N, in the two veſſels. 80 
that the diviſions of the interiqr veſſel, 
ſeen through the exterior, will ind: 
cate very exactly the augmentation of 0 

volume of the air within the globe, 5 
the preſſion remaining the ſame; that 
is, the air in the globe being con- 
ſtantly in equilibrium with that of the 
atmoſphere. It is underſtood that we 
muſt reverſe the rule when the air of 
the ballon i is condenſed or 3 

in volume. 

S200 Finally, the' kelly pipe, vo ot the 
which is alſo furniſned with a cock x, . 5 
occaſionally communicares with va- 
rious pieces, and amongſt others, with 
a long glaſs tube in fotm of a ſy phon * 
of unequal branches, mounted on a 
ſlip of deal EE, divided into inches 
K 4 and 
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and lines, as is repreſented. in the 
plate. A quantity of mercury ſufh- 
cient to riſe i in che twg branches to n, 


may be introduced, and it may be 


then adapted to the lateral pipe I, 
This part of the apparatus is deſigned 
to ſhew, by the variation of the level | 
of the mercury, and its aſcenſion in 
the long branch of the ſyphon, the 


condenſation of an air introduced into 


the globe. | for example, the dit- 
ference of level in the two branches 
ſhould equal che height of the. baro- 


meter, at the moment of the experi- 


ment, the air in the ballon would then 


be compreſſed by a weight equal to 


Ext tud: 4 


of this ap- 
partu . 


that of two atmoſpheres, and its den- 
fity would be double. 

9 871. The whole of this. apparatus, 
ſore parts, of which are of a very dif- 
ficult and delicate conſtruction, was 


executed 


( 187 * | 
executed by Mr. Paul, an artiſt of 
great eſtimation” witch the natural 
philoſophers of this city, and * bc 
common addreſs and ſagacity. His 
reputation' is too well eſtabliſhed to 
need my approbation, but I cannot 
deny myſelf the pleaſure of arreſt - 
ing that the cocks, which are often a 
defeftive part of inftruments. of this 
kind, are ſo perfectly air tight, that 
having made a vacuum in the ballon | 
to a line and a half. of the gage, I 
found no ſenſible difference at the 
expiration of fx months, although 
the air might have entered the two 
cocks, Rand er, W 
te. N 


5 385 . 


f 88 8 — Eſetz 


, the Light of burning Tapers 
reflected e 4 e The her- 
—— — the Ehen, 2 fe 
Hides of the Globe upon the calo- 
rific Emanation of the Mar Ta- 


pers, and of the mean Heat of 


_ . rbe air within during the mean 
Con inuance of theſe Experiments 
be Advantages of this Ap- 
Paratus for nnn 2 
riments. f (24 


8 82. Tun experiments related i in 
of tapers che third chapter had ſhewn me that 
— heat paſſes 2 glaſs with extreme 


difficulty, 


b I, f 2 F 40% 
a ac Kan ati. OE "I N - 


| 1 -ags } 
n and I found, that in order 
to reverberate, by means of the ap- 
paratus juſt deſcribed, ' a degree of 
heat ſomewhat conſiderable” upon the 
thermometer ſhut up in the middle of 
the globe, a matraſs of boiling water 
would be inſufficient, and that more 
active, and, at the ſame time, the 
moſt conſtant cauſes of heat poſſible 
( ſuch as burning tapers, eee 
would be requiſite, © 

As yet we have had es l 
2 the manner in which a ſtrong 
light ſometimes excites heat; but the 
fact is not, therefore, the leſs certain, 
and I think we may conſider the taper, 
at the focus of each mirror, as a body 
at once hot and — which, „ 
ton, produces upon the wermome. 


( ao ) 


ter a greater effect than if it had been 


a hor body not luminous, or than if it 
had diffuſed light without heat. 
Their ef- & 83. We know that black bodies 


fect upon a 


blackened powerfully abſorb luminous emana- 


thermome- 


r. tions, and that from thence heat re- 


ſuks. We have likewiſe' ſeen, $ 57, 


chat the ſame bodies are, as we may 
ſay, tranſparent to heat, that is, they 
trunſmit it readily. I was' therefore 
curious to try upon the ſame: ther- 
mometer, alternately blackened and 
bright, and fuſpended in che open air 

at the common focus of the two mir- 


b, the effect of abet 8 cauſes 


12481 1 at . bee 
r the bulb of à thermometer 
10 ere we, hat the 8 


"Can). 
The thermometer thus prepared 
and aduſted at the common focus of 


the two mirrors, roſe in 102g ſeconds, 
from 8 degrees to 34, which 1 found 
to be the maximum of the una. 
fect of the tapers 

The fame. . perfectly 


clean ed and bright, placed in the 0 


the time in which an equal: e 
had taken place in theſe two examples, 
I found that, wich the bulk cleatdand 
bright, it hac required 9143 ſeconds 
to 'raiſe the thermometer from gr de- 
grees to 215 and that to produer 

the dame effect with the bulb black - 
ened, it enen 260 ſee 
conds.. 1 8515 — * 928 # 


ſame manner, roſe in 937 ſeconds ' n 
from i rn en on 3273-90 


(142) 
Thus we ſee, that the bulb of the 
thermometer blackened, receives, from 
the double action of the light and 
heat of the tapers, a calorific influ- 
ence much ſurpaſſing that which takes 
place when the bn is W wy. 


* 


and clean. aur 
Ekofthe 5 84. Having FEI the effect 


„ theof heat upon the ſame thermometer, 
he ther- whoſe bulb was alternacely bright 
blackened, I was defirous of know - 
ing the influence of the ſame circum- 
ſtances in its refrigeration. N 
The reſult is very remarkable, as 
may be ſeen by comparing the num- 
bers of the following able. | The 
firſt column expreſſes the degrees of 
the thermometer ; the ſecond, the re- 
frigeration from degree to degree, the 
bulb being clean; the third, the tim 
of refrigeration with the bulb blackened. 


* 
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Black bulb. 
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Daylight 
has ſome 
influence 
on the 
blackene | 
bulb, 


8 ( 144) ) 

The refrigeration appears flower, 
the bulb. being black, than in the 
other caſe, and'on comparing the ſam 
of their differences, it will be found 


nearly. in the proportion af 5 to 6. 


The cauſe of this difference is pro- 
bably the reſiſtance made by the black 
covering to the paſſage of the heat, 
when it tends to quit che thermometer 
where it was collected; for we know 
that charcoal is one of the worſt des- 
ductors of heat. 7 

8 8s. The remarkable jnflgencs of 
the black ſtratum in augmenting the 
calorific effect of the tapers upon the 
thermometer, led me to ſuſpect that 
daylight alone might raiſe the black- 


ened thermometer higher chan one 


which was clean. 


In order to verify this faſpicion, 1 I 


choſe two thermom eters of mercury, 
. which 


(MEE 
which agreed well with each other. 
| blackened the bulb of one of 3 
and then placed them together in a 
dark cloſet. At the moment L opened 
the door I found them agree, but the 
action of the light ſoon raiſed the 
black thermometer 2 or 3 tenths of a 
degree above the other, and this at. 
ference continued as long as they were 
mutually ' expoſed to daylight, and 
ceaſed as ſoon as they were again hut 
up in darkneſs. I am perſuaded that 
the ſame cauſe produces a ſimilar ef- 
fe on the thermometers. of ſpiric of 


wine; whoſe colour is a deep red; and 


that if they agree with thoſe of mer- 
cury at night, they are raiſed a little 


more. in daylight, and ſo much the 
more as the light is ſtronger. I have 


ſeveral times thought I obſerved this 


variation; and it is known that this 
1 difference 


29 


(6 5 
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difference amounts to 10 degrees and 
more, when, expoſed immediately to 
the rays of the ſun. 
I, By placing at the centre of the bal- 
lon, deſigned for theſe experiments, 
a blackened thermometer, I ſhould, 
without doubt, have raiſed 1 its tempe- 
rature : but the effect produced upon 
the clean and poliſhed bulb was ſuffi- 
+. cient for my purpoſe ; the preſence of 
the ſtratum of black would have com- 
plicated the reſults; 4 and its influence 
in certain experiments, which me- 
ditated, would have been hurtful: 1 
therefore preferred making uſe of the 
thermometer deſcribed at d 57, with- 
out any. addition. 
Examina- 16.56. Haring found the calorific 


tion of the © 74 

et of the & of the two tapers upon the ther- 
336 0 

bailon bn mometer ſuſpended 1 in the open air at 


the caloric 


emanation the common focus of the two mirrors, 
of the ta- OE 
placed 


ters. 


3 3 
placed } in the manner deſcribed At 
$ 6x, it hecame neceflary, before I | 
commenced a courſe of experiments 
in the ballon, to examine to what de- 
gree its ſides intercepted the calorific 
emanation. Two conſecutive experi- 
ments were to be made for this pur - 
poſe, in which every circumſtance | 
ſhould be abſolutely the ſame, except 
that in one the thermometer was 
placed at the common focus of the 
two mirrors within the globe, and in 
the other the ſame inſtrument at the 
ſame place in the open air, the globe 
being removed. The compariſon of 
the heating and cooling of the ther- 
mometer in theſe two caſes would 
give me the effect of the. des of the | 


145 


globe. | 
| Here follows the. table of theſe ex- 
periments. 


* 11 


* Its io 97 1 Wie FY . 


Cooling. 
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Therm. 
in the 


ballon. 


"Them: 
without 
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It is obſervable on the firſt inſp 


tion of this table, tat the: movement | 


of the mercury exhihits more irregu- 
larity in the proceſs of heating than 


my an 


during the refrigeration: and the A 


whole courſe of theſe experiments 
confirms this remark, the cauſe whete- - 
of it is not difficult to aſcertain. 
ſaw that very iuconfiderable: differences 
in the placing of the tapers, in che 
vivacity of their dame, had 2 very 
os and nata le influence on their + 
calorific effect. "im he obſetvations 
from degree to degree made e 


the cooling, which were affected . 


no other cauſes of irregularity than 
the combined errors of the dihiſion 9 
the thermometer, and of the obſet- 
vatiobs themſelves, - ought, for this. 


_ reaſon, to exhibit a more regular pho 
| ey and for this reaſdn, alſo, I 


my.” 
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give more faith in general to the re- 
ſults of the obſervations made during 
the refrigeration, than to thoſe drawn 
from the obſervations made during the 
heating of the thermometer. 

We ſee alſo, that the thermometer, 
placed within the globe, rpſe, by the 
action of the tapers, from 99. to 179. 
in the ſpace of 1123 ſeconds; and 
without the globe, in circumſtances. 

otherwiſe perfectly the ſame, it roſe 
in 911 ſeconds from 90. to 229. that 
is, five degrees higher. 
By comparing the intervals of time, 
during which a ſimilar riſe had been 
produced in theſe two circumſtances, 
1 found that the thermometer without 
had riſen in 409 ſeconds the 82 which, 
within the globe, it had Nel 11 23 
ſeconds to attain. . 


This 
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This conſideration ſhews us already, 
that the ſides of the ballon intercepted | 
a quantity of heat nearly equal to? of 
the whole emanation reflected by ny | 


1 #7 © js * 


mirrors. 

And if we attend to the cooling of 
the thermometer i in the open air, and 
within the ballon, we ſhall Tee, that 
it required 733 ſeconds to deſcen{ 
from 1) to 11 within the globe, 
and only 388 ſeconds to deſcend the 
ſame number of degrees in the open 
air; that is to fay, the refrigeration | 
was effected nearly one half pang . 
in the latter cafe,” 7 37 

bet ' 8 therefore, the thermometer had 
been heated in the open air by a third 
part of the heat, which paſſed through _ 
the ſides of the globe in the experi- 
ment of heating, the refrigerant action 
of the * air would bave deſtroyed 


my 


MES: P 

tne effect of almoſt half this quantity 
upon the thermometer; hence we may 
conclude, that the fides of the globe 
intercept about 4 of the calorific ema- 
nation, which would otherwiſe arrive 
at the thermometer. And although, 
in order to ſimplify the calculation, 
which ts only an approximation, 1 
have taken for granted that the periods 
of time, during which the ſame in- 
creaſe of temperature is produced upon 
the ſame body, are proportionate to 
the intenſity of the heating cauſe, 
: which, perhaps, may not be rigo- 
a un true, particularly in the ex- 
= Ales! yet, 1 believe, the error 
"a 31 5 reſulting therefrom, in this particular 
ce caſe, will not merit attention. 

te- & 87. The firſt enquiry to be made 


to! 


ben 5 after theſe preliminary experiments on 
the, the effect of the fides of the globe, 
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in the air of the globe, by the bend 
I uſed to heat the thermometer. Two 

cauſes tended to heat this air. ft, 
The heat propagated through it ; 2nd, 
the heat accumulated in the thermo- 
meter again ifſuing from it, and dif- 
fuſing itſelf through this medium. 
b hermometers placed within at diffe- 
rent parts of the globe would have 
indicated this mean temperature; but 
they would have complicated the ap- 


paratus, and a method more ſimple 5 | 


preſented itſelf; ' viz. the manometric 
effect of heat upon this air, or the 
aug mentation of volume it underwent | 
N auen the experiment. 
In the deſcription of my apparatus, 

it has been ſhewn by what means I 
could obſerve: this dilatation” within 


much leſs than a thouſandth' part off 


* 
; 
= 
£ 7 
- 4 
— 
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the total volume; and in order to de- 
duce from hence the heat of the air, 
not having made any direct experi- 
ments upon this ſubject, 1 could avail 

myſelf of the principles of other phi- 
Jolophers in this reſpect. And amongſt 
thoſe who have examined this ſubject 
in particular, General Roy appeared 
to me to merit great confidence. It 
reſults from the experiments given in 
his excellent memoir concerning ba- 
rometrical meaſ urements, inſerted in 
the Philoſophical Tranſactions of the 
Royal Society of London for, the year 
1777» that in a temperature between 
522 and. 629 of Farenheit (or + 83 
and + 13 4 of the ſcale of 80 parts) 
the mean expanſion of atmoſpheric 
air is o, o026 of its volume for each 
degree of increaſed temperature. This 


n pled, to the ſcale of 80 parts, 
| the 


( 25s ) 1 
the degrees of which are to thoſe of 
Farenheit, as 20 f to 1, gives 0,00585 

of dilatation for zach be. al d 
rand. | 

Now the mean - dilatation of the 
air in three experiments, whoſe mean 


* Mr. Trembley, in his Memoir on Barome- 
tric Meaſurements, which concludes the zud 
volume des Voyages dans les Alpes de "Mr. de 
' Sanſſure, you a proportion ſomewhat diffe- 
tent, viz. 54s or 0,00521 augmentation of vo- 
lume of common air for each degree of the ſcale f 
of 80 parts. This number is, without doubt, 
the neareſt the truth, if we conſider it with 
Mr. Trembley as the mean coefficient of re- 
ſults affected by a crowd of different elements, 
and above all by the errors neceſſarily: com- 


mitted in the eſlimation of the temperature of 


the air, as I ſhall elſewhere ſhew (ſee chap. 
viii.). But this proportion of dilatation did 
not appear to merit a preference, in this -parti- 
_ cular caſe, to * reſulting from the direct ex · 
„ periment 


* 
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" * 
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deviation was 32 minutes, was found 
to be 0,01490, which, according to 

the eſtimation already mentioned, gives 
29% for the mean heat of the air in 
the globe during the experiments, in 
which the mean aſcenſion of the ther- 
mometer, placed in the middle of this 
mals of air, was 1 19,8 the point of de- 
parture og er 7 and 8 de- 
grees. 4 

On het 888. Tbe Zrea . this 
—— Srupparatus for a courſe of manometric 
—— obſervations | is manifeſt. * We are 
meats, enabled by its means to mark with 


| the en ee the dilatations 


5 Ferimen IE W "FS REF which I ſee 
a ſo long as he has remained within 

the 83 of beat conſiderably below thoſe 
which convert ⁊uater into an elaffic N ca- 


e 
„ . #2 : correſ- 
” : 


Fx 
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cotreſpondintg to the changes of tem- . 
perature to whickithe. whole of the air 


it contains 18 ſubjected. The hygro- 
meter would always ſhew the ſtate of 


the air under experiment, relatively 


to the watery vapours, and the appa- 


ratus, by its nature, would conſtantly - 


preſerve tlie ſame degree of preſſion 
on the air ſnut up in it, as the ambi- 


ent atmoſpheric air ſupported. 1 look 


upon this laſt circumſtance as very im my +4 


poitant, and no manome 


experiments will ſoon \ beco: 
ſubject of a work, i in which 1 Pore. 
been long occupied, directed particy- 
larly towards perfecting the Ry | 
ment of heights by the barometer,” 


oy 
4 z N 15 * 1 C0 . 1 : 
3 1 . 8 > + 7 %. 3-8 yan * 3 
1 * * : EL. : 3 2 
& PEA c 8 
„ * — . , ** 0 a . 
* i Sf ; | 
4 e : 
A ” 
* * 1 
15 
4 N. 
* ' 
* « 
* 


1 appar” 
tus known to me poſſeſſes it. e 


# 
& *-4 


( 158 ) 


CHAP. Vi. 


PFacuum filled with the Vapour of 
 Ether—With electric Fluid. 


” m—_—_ the 89. PREvIOUSs to the inveſtiga- 
—— 3 | , , 
ments. tion of the motion of fire in aeriform 
\- Nvids, it was peceſſary to conſider it 
in vacuo, then to make it paſs through 
watery or other elaſtic vapours intro- 
duced into this vacuum. Thus the 
modifications of fire, obſerved in the 
moſt ſimple combinations, would be- 
come leſs difficult to diſtinguiſh, when 
I ſhould have occaſion ta add to theſe 
elaſtic fluids, whoſe nature is not truly 
aerial, either atmoſpheric air or other 


- ing 3 

l laſtic fluids, Which tay 
all contain more or leſs of theſe ſame 
vapours. The experiments made in 
vacuo, under this point of view, form 


fe the ſubject of the preſent chapter. | 
d go. 1 employed for the exhauſtion Exhaufticn 


of tlie ballon two different air pumps. 4 


The largeneſs of the pipe of the firft 
rendered its operation rapid, but its 
conſtruction did not allow me to ob- 
tain thereby the degree of ratefaction 
I defired. 1 employed, therefore, for 
this purpoſe, one of the new pumps 
made hy Hunter of London. This 
inſtrument, by a particular and very 
ingenious mechaniſm, ſupplies the de- 
fect of elaſticity i in the laſt portions vf 
air renigining in the receiver, which 
are unable to raiſe the valve of the 
common pumps, and 'thus. remedies, ._ 
to a certain this defect, "which © 
hinders I” 


2 en eg Ort; — 2 
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hinders us from obtaining, in theſe 
inſtruments, a very conſſderable de- 
gree of rarefaction. But even by this 
improved machine I have never been 
able to procure a vacuum in the globe, 
beyond the term where the elaſticity 
of the remaining fluid ſupported the 
mercury of the gage at 1 line * but 


J attribute at leaſt one half of this 
effect to the watery elaſtic vapour 
which remains in the globe. And to 


obtain even this 'degree of vacuum, 


it was neceſſary to employ the follow- 
ing means: having gained a certain 
degree of rarefaction by the ordinary 


method, I heated the globe at a clear 


fire, until the thermometer within roſe 


to 40. At this temperature I placed 
it on the pump, which I worked un- 


til the mercury in the 8580 e 4 
_— | 


pn Ss Sa 


. 


refatton it is certain that ſome wa- 
tery elaſtic vapour ſtill exiſted in the 
globe; becauſe the hygrometer never 
deſcended lower in theſe circumſtan- 
ces than the 13th degree above the. 
term of artificial ſiccity, obrained. by 


means of alkalis, choſen' by Mr. De 
Sauſſure as the inferior extreme of his 
hygrometer: beſides, it is known that 
this elaſtic vapour is mexhnuſtible; 


and that it is reciprocally produced 


and deſtroyed by the alternate motions 
of the ſucker. However, the vacuum 
at this degree of the hygromęter muy 
be conſidered as very dry, compared "= 
with the degrees bordering upon the” 

extremes of ers in Which, by | 


+00 
8 91. The particulars I am about 


&y vacuumto give of the experiments made in 


the dry and moiſt vacuum, will ſerve 
as examples of the manner in which I 
proceeded in ali the others, whoſe de- 


Ulle I ſhalltherefore omit, and only ſtate | 


the compariſons made between them. 


All theſe experiments were made in 


my cabinet of phyſic, in which I 


never light a fire. This chamber s 


21 feet in length, and 14 in breadth, 
and the apparatus was placed in the 


middle. That the combuſtion of the 


tapers might be as uniform as poſſible 
during the experiment, I allowed them 


to burn ſome time before I adjuſted 


them at the focus of the ſpecula. 1 
And I remained at the ſame diſtance 


from the apparatus the whole time of 


the experiments, which were com- 


monly made in an initial temperature 
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| i I 
of 6 to 8 degrees. In the following 
table of the experiment made in the 
dry vacuum, the middle column 
ſhews the degrees of the thermome- 
ter; thoſe on each ſide ſhew the hours, 


mercury reached each degree of the 
diviſion traced upon the tube, as well 
aſcending as deſcending; and the two - 
exterior columns mark the intervals, 


s wy 
5 * 
* * 
— pe 
4 _ 
7 
— 
1 
* 
1 
\ * 
98 
\ * 


1 
3 Remarks, 


(164 ) 

8 92: On the inſpection of the co- 
cr of differences in the proceſs of 
heating, we > obſerve an irregularity, 
owing to the burning of the tapers, of 


which I have ſpoken, 8 70; and we. 
alſo remark that the intervals from 19 to 


20, and from 20 to 21, although they 
approach nearer the maximum than the 


two preceding intervals, have been 


traverſed in leſs: time, becauſe the ta- 


pers burnt better. 1 4s 5 


It may likewiſe be nad why thac the 
firſt interval, whether in the proceſs 
of heating or of cooling, is a little longer 


than that which immediately follows. 


This fact, which appears pretty con- 


ſtantly in the courſe of my experiments, 


may be explained by the inertitude- of 
the mercury of the thermometer *.. - 
* Muſchembroeck bad obſerved it in his 

Hr neten. 7 
— By 


7 N 165 ) 
By adding 5 time elapſed from 
| one degree to another in theſe two ex 
periments, we ſee that the thermome- 
ter employed 2064 ſeconds in mount- 
ing from 79. to 22%. where it arrived 
at its maximum, and 2145 ſeconds 
in deſcending from 219. to 89. 4 
But I here inform my reader, that | 
in the compariſon I am about to make 
of the reſults of various experiments, 
I ſhall always exclude the extreme 
intervals towards the maximum at | 
heat, and towards the laſt term of re- 
| frigeration. The motion of the ther- 
mometer being then ſo ſlow, as neceſ- 
_ farily to render the nan not 
eat. 


993. In eder to/ropeat the 8 


ment in the 


um. 


experiment in a moiſt vacuum, | moiſt vacu- 


waited until the external cite 
were as conformable as poſhble 1 to thoſe 
Mg :: - - wa: 
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which obtained during the experiment 


in the dry vacuum. The tapers and 


every other part of the apparatus were 


the ſame; the fides and interior of the 


globe were. equally tranſparent in 
both experiments. I ſuppreſs the 


particulars, which relate to the intro- 

duction of the aqueous vapour, and 
to ſome experiments which it occa- 
- Foned. Theſe, together with the | 
phenomena preſented by the ethereal 


vapour, in fimilar circumſtances, will 
make the ſubject of the nene 
chapter. 

The table of this experiment in the 


moiſt vacuum contains two additional 
columns, defigned for the hygrome- 
ter, whoſe variations in this experi- 
ment are worthy notice, although 
ſcarcely obſervable in the former. 
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I The proceſs of heating exhibirs ir- 
regularities of the ſame ſort as thoſe 
we obſerved in the aforegoing expe- 
riments, and they are clearly owing 
to the unequal combuſtion of to 
tapers. 
8 94. The difference of moiſture Compari- - | 


ſoo of the _ 
in the two experiments we are going two expe. | 


to compare, anſwers to 76 of ans 
hygrometer, which way at 17” in the 
former, and at 939 in the beginning 
of the laſt experiment. The watery 
vapour introduced into the - ballon 
acted upon the gage with a preſſion, 
capable of ſuſtaining a column of 
mercury of 3xs lines, at the mean 
heat of the experiment; for, although - 
no air had been introduced, we ob- 
ſerved the gage, in the ſecond exe - 
riment, at 4,5; whereas it was only 

at 1% 4 in the firſt, . 
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The progreſs of the hygrometer is 
nearly what might have been foreſeen 


from a knowledge of the excellent 


experiments of Mr. De Sauſſure, and 
from what has been ſaid (F 71) con- 
cerning the mean heat of the interior 
of the globe. Wo 

The following table ſhews the com- 
pariſon of the two eperimenm. 


Toke deat 9 95. Let us firſt conſider the heat- 


ing. 


6 


ing: We obſerve the maximum at 210 
in the moiſt, and at 22 in the dry 


vacuum. This reſult is not ſurprizing, 


as it is eaſily to be conceived, that 
the watery vapour, diſſeminated in 
the globe, ought to intercept part of 
the radiant heat; and beſides, as it 
preſents a body whoſe ſpecific heat is 


greater than the ſpecific heat of the 


vacuum, it would abſorb more effi- 
caciouſly the fire of the thermometer 
as it arrived, and would prevent it 
from acquiring that degree of tenſion 
in the inſtrument which it would have 


acquired in a pure vacuum. 


Ihe more ſpeedy heating, which 
took place in the moiſt vacuum, would 
ſeem to contradict this explanation, if 


we could not reaſonably impute the 
difference to the unequal combuſtion 


of = 


| 


1 
of the tapers, of which we have ſeen 


indubitable proofs in the proceſs f 
beating. And I conſider myſelf the 


more authorized to attribute it to this 
cauſe, as in a former experiment 


(19th Nov“. 1785) made in a dry 


vacuum, I obtained the fame maxi- 
num of 229 in a ſpace of 1700 ſe- 
conds, or in 1450 ſeconds, if we 
omit the interval which preceded the 


maximum. Theſe numbers approach 


very near their correſpondent numbers 


1722 and 1462, which I obtained in 
the moiſt vacuum; and I ſhould have 


choſen this experiment for my compa- 


riſon, if the vacuum had not been 
leſs perfect by 4 line. 


$ 96. The duration of the e in the 
was 41 ſeconds, or about longer bh 


the moiſt vacuum; and yet two cir- 
cumſtances ſhould have contributed 


o 


LS 
to accelerate the refrigeration in this 
experiment. 1ſt, The thermometer 
role to 219. only, and in the dry va- 
cuum it role to 22% and, The 
Nhole duration of the heating was 
2064” in the dry, and only 1732“ ir 
the moiſt vacuum ; by which means, 
the thermometer, the ſpace within the 
ballon, and the ſides of it alſo, ought 
to have accumulated much more heat 
in the firſt experiment ; and. yet the 
cooling of the thermometer was 
quicker 1n the dry than in the moiſt 
vacuum, which I endeavour to ac- 
Count for in the following manner: 
This propagated heat, which reſults 
from the affinity of aggregation be- 
_ tween. the fire and the watery mole- 
cules, and which has fo much dimi- 
.niſhed the radiant. heat upon the ther- 
m, ſeems to me to explain the 
| flowneſs 


( 2173) 
llowneſs of the refrigeration ; for the 
fire diſſeminated in the vapour, is re- 
tained, by virtue of this affinity, with 
a certain energy; and conſequently 
the rupture of equilibrium between 
the fire of the thermometer, and that 
which is diffuſed in the ſurrounding 
medium i is ſo much leſs, and the cool- 
ing of the thermometer neceſſarily ſs 
much' flower EOF 


$ 97- | Having 


* In a —_— of experiments made bu 
Mr. Benjamin Thompſon, on the conductive 
faculty of a vacuum, and of dry and moiſt air, 
(Phil. Tranſac. 1780, and part) be agrees with 
me, that a vacuum does not conduct ſo well as 
air: but he finds, on the other hand, that moiſt 
air conducts better than dry. I was much ſur · 
priſed on reading this remark ; but I ſoon dif- 
covered the reaſon of it, in the very method 
the author employed in theſe experiments. His 
apparatus conſiſted of a thermometer incloſed 

| in 


7 ( 174 ) % 
— 8 97. Having thus tried, to a cer- 
ethereal y-tain degree, the influence of watery 
enum, 


- vapours introduced into the vacuum, 
[ in a globe of glaſs of a much larger diameter ; 
be plunged the globe alternately into ice and 
boiliag water, and obſerved the time of the 
| Keating and cooling of the thermometer ; but 
18 | in his experiments on moiſt air, he humected 
5 the air by wetting the inſide of the globe which 
contained the thermometer © ſurrounded by air 
| « rendered as moiſ as poſſible by wetting the  Infide 
E the cylinder and globe with water." 
| Now it may eaſily be conceived chat this | 
| | water ſuddenly converted into an elaſtic fluid 
[ dy the heat of boiling water, is thrown upon 
| the 5 with that energy which it is 
this mixt fluid is capable of exerting in 
theſe eircumſtances, and depoſites, in falling 
upon the thermometer, the heat of evaporation 
it had acquired by its contact with the interior 
| ſurface of the glaſs. The circumſtances, there» 
[ | fore, of our experiments are not. fimilar ; but 
„ =. 


| „ + 

upon the cooling of the thermometer 
placed in the middle of them, I was 
deſirous of trying the effect of the va- 
pour of vitriolic ether, which may be 
conſidered as of an oily nature. The 
following chapter contains the parti- 
culars of the introduction of theſe 
vapours, and the phenomena which' 
accompanied it. It will be ſufficient 
to obſerve here, that I could not ob- 
tain a dry and ethereal vacuum at the 
ſame time; becauſe che water, which 
makes an integral part of ether, how- 
ever well it may be rectified, enters 
with it into the ballon. 


whoever will read Mr. Thompſon's excellent 
memoir, will ſee, that every time the experi- 
ment has been made in degrees of heat much 
| below boiling water, the reſults agree with 
mine, that is, that moiſt air is proved to be not 
ſo good a conduRtor of fire as dry air, 
„ | It 


a x 
8. 
ns # 
7 


=o 
It may be obſerved in the following 
table, that the progreſs of heating is 
ſomewhat irregular, which may be 
attributed partly to the defects of the 
tapers, and partly to imperfect obſer- 
vation. The ethereal vapour liquified 
and extended the varniſh, with which 
the diviſions on the tube of the ther- 
mometer were then traced, and ren- 
dered it impoſſible to obſerve. with 
preciſion. I even ſuſpect that an er- 


ror of a minute has occurred between 


the 11th and 12th degrees of the 
thermometer. The courſe of the hy- 
grometer ſeems to approach that ob- 


| ſerved in the moiſt ſimple vacuum. 


The height of the gage declares the 


elaſticity of the ethereal vapour, to 


which its elevation is ſolely owing, as 
no air had entered the globe. 


State . 


1 


N 


State of the inſtruments. 7 A 


| Betore the expe; ment. | Artie the exper. ent. 
Within the 9 Hy * Gage] Ther. Hygr. Gage. 
| | ballon 11% 9. gb. 11,6 | 
Without the | | 
; ballon 5 9, 8. 80. wy 38 Y ; 9. 9. . © +» 
| Heating. | ooling. 
5 Difference from ont So rence from on 
IHgro · Negree to another in Degrees. degree to another in Hygro-| 
meter. nds. _ ſeconds, meter. 
> 96. F 8.4. 3 
839 Ny 
95» 9. 
| . l 87. 1 4 ; 
94,3. 10. | 95. 
9. . „„ 94. 
2 6 305. 
9358. — | 93,5. 
122, „„ 
93,7. 8 13. 92,9. 
/ 98» | 5 55 . 
93 3» 4s . 14. 2 ; 92, . 
3 W CET” a Jt, 
93.2. Tn na © 13 r 92,2. 
1 136. 
92,8. Es us 2 =. 5 16. 5 5 RE 15 92, 1. 
vis 2 UL 
92, 17. | 8 91,8. 
92,0. 3 18. be 91,5. 
. 180. 7 383. 
91,6 . 119. Fa 91,4. 
139. | 1 {BY 
91,5. 2 20. | 6r,0. 
206. 1 90. 
91,2, | | 41. 
| * 
91. P 214. maximum. 
1800.ö7 F3ͥv 2070.“ . 
duration of the duration of the 
| henting. | | cooling. 4 
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„ 
§ 98. We have now to compare 


deo experi- TWO experiments to diſcover the influ- 


ments in 


the ſimple 


and ethere- 


al vacuum. 


ence of the ethereal vapour. That of 
$ 77, made in the moiſt vacuum, the 
hygrometer at 93, and the laſt in a 
vacuum at the ſame time moiſt and 
ethereal. The moiſture of the vacu- 
um was ſomewhat greater in this, than 
in the former experiment; in other 


reſpects, the circumſtances were nearly 


ſimilar. The point of departure was 
79 in the firſt, and in the laſt 8,4; 
but although it commenced at this 
degree, I have ſuppreſſed the firſt in- 
terval to avoid reductions, and I only 
compare the correſponding degrees. 
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% 


[Heanng, "Prone: © | 
| Moiſt | Moiſt Y pil 7 Gd . 
ereal | Degrees. | ſimple | er erea | 
— Nas. + vacuum. 
| vacuum. | vacuum. | bug. | v4cuvn 
# | 1 . | 9. | S IS, 
64./! 37.7 798 | 310. 45 | 
1 | n | 
| 64. N 98. | 31 | 243. | 480. 1 
| I97. |} 395» 
1 8 ee 
13t. 308. 
97. | 142. | 13 1 7 30s | 
. | | 130 185. 
99. 3 is | * : 
. 105. | 
| 82. 85. 25 „ t., 6 
| ; 5 
103. | x33. pow | uk. | 
* | » ; 1 ; | 
1 2128, 134 4 | 94. 35 
= Fe ii.. 
238. : 176, | 18 wh F 
| IX . | 4 f 
206. 2d -* — wt | | 93 
140. 1 59. N 1 60. 75+. | 
SP 
470 206. | | . 53 90. —Y 
5 : 8 a 
1 3 35 
ke a. | » | 207% Total duration. 
— [<7 1% FS 
1590 · ums, omitti: 
1 3 wins the la interval. 
ms. Na” | 


0-4 8 > 3 

The maximun appears the ſame, 
within 4 of a degree in the two expe- 
riments. But, in fact, the thermo- 
meter roſe leſs in the ethereal vacuum, 
by reaſon of the ſmaller diſtance from 
the point of departure, which, we 
have obſerved, was about two degrees 

higher in this than in the former. 

The duration of the heating was 
nearly equal, and we ſhall ſee, by 
the difference in the cooling, that this 
equality is probably owing to the 
compenſation of two oppoſite effects. 
The radiant fire certainly arrived with 
more difficulty through the aeriform 
ether, than through the ſimple watery 
fluid, and for this reaſon the heating 
ought to have been ſlower. But the 
ethereal vapour, being more difficultly 
| permeable, would retain more effica- 


ciouſly, in the thermometer, the fire 
wWuich 


( 
which ade to e in proportion 
as it accumulated: | ö 
In comparing "E ene we 
cannot oppoſe, one by one, the in- 
tervals elapſed between ſimilar de- 
grees of the thermometer, becauſe 
the whole extent is two degrees more 
conſiderable in the firſt than in the 
ſecond experiment; but by comparing 


the ſums, and omitting, as uſual, the 


laſt intervals, I find the cooling of 
the ſame number of degrees, reckon- 
ing from the maximum, laſted 1299 
ſeconds in the moiſt vacuum, and 
1590 in the moiſt ethereal vacuum; 


that is, it was neariy a ne flower 


in this laſt caſe. 

And yet this is the leaſt poſſible 
difference; for if I had conſidered: as 
the laſt interyal of refrigeration in the 


| moiſt Vacuum, not the number 310. 
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ohh expreſſes the cooling between 
9? and 10, ut the number 585”, 
the duration of the cooling between 
89 and 9e, and truly the laſt interval; 
we ſhould have had the compariſon 
of the cooling in the moiſt vacuum 
expreſſed by the numbers 1024 and 
1590; that is, the cooling, in this 
laſt. caſe, would have been about one 
half ſlower than in the fimple moiſt 
vacuum. This difference is indeed 
conſiderable. EY 

It is not ſurely to the ſncikc heat 


of the ethereal vapour, that we oughr 


to attribute this enormous difference, 


but rather to the difficult permeability 
of this vapour to liberated fire. The 


abſolute quantity of fire introduced 
into the globe was nearly the ſame in 
both experiments, ſince their total 
durations only differ 30 ſeconds, and 

| 2 even 


( 183 ) 


even this difference is in a contrary 
ſenſe to that which would tend to ex- 
plain the difference of theſe reſults _ 
by the quantity of fire introduced. 
It is probable, therefore, that the fire 
is not retained in the ethereal vapour 
by affinity, as the ſpecific heat of 
ether not being ſo great as. that of 
water, it is likely that the ſame pro- 
portion ſubſiſts in a ſtate of vapour. 
I preſume that the ethereal vapour 
acts as an olly ſubſtance, and we 
know that theſe ſubſtances are very 
bad conductors of Heat. It is, there- 

fore, from the difficulty which fire 
experiences in traverſing a vapour of 

this nature, that it ſo flowly quis the. 

thermometer. 


$ 99. Aſter theſe 8 on RH of the | 


ethereal vas - 


the ethereal vapour, I propoſed to try, pour on the 
in the ſame . the effect of ſpi- oo 


N 4 rituous 


2 18400 
ritudus vapours, obtained from ſpirit 
of wine. But the ethereal vapour had 
attacked the varniſh in every part of 
the infide of my apparatus, ſo that ĩit 
became neceſſary to ſuſpend my ex- 
periments, in order to repair it. The 
hair of the hygrometer, deeply im- 
pregnated by this oily vapour, had 
loſt its ſenſibility, and I was obliged 


to ſubſtitute another. I feared leſt 


Apparatus 
fur ex peri- 


ments on 
the elettric 
fluid. 


theſe inconveniences ſhould recur, in 


ſome degree, during my intended ex- 


periments on ſpirituous vapours ; I 
therefore renounced them, to examine 
the electric fluid, which, at the ſame 

time, preſented me with an attracting 
novelty. | 
8 109. J am in poſſeſſion of an ex- 
cellent electrical machine, whoſe cy- 
linder, made by the famous Parker of 
London, is 53 inches in circumfe- 
rence, 


Eo, A EET. 
ference, and 23 inches long. The 
glaſs is very electric, and when it is in 
order, and the weather favourable, 1 
can draw ſparks of ſome denſity from 
the extremity of the conductor, at che 
diſtance of 15 inches. | 

The general diſpoſition of the ap- 
paratus was the ſame as during the 
preceding experiments ; the globe, 
placed 2x feet from the conductor of 
the electrical machine, was ſupplied 
with electric fluid by a metallic com- 
munication, connected with the braſs 
ring which ſurrounded the neck of 
the globe, and the board that ſup- 
ported the globe and the two tapers, 
inſtead of being placed upon the tri- 
pod, as in fig. 2, was placed upon me | 
inſulated ſtand. The exhauſted globe, 
thus diſpoſed, would be filled with 
the electric fluid as long as the expe- 


riment : 


(- 26, 3 
riment of heating and cooling con- 
tinued. | 

§ 101. I firſt examined whether 
electricity alone would have any effect 
upon the ſeveral inſtruments contained 
in the globe. The inſtruments were 
as follows: Thermom. 9,9. Hy- 
grom. 12,8. Gage 1,75. Electrom. 
o. TI electrified during five minutes, 
and ſaw no movement in any of the 
inſtruments. It will, without doubt, 
be thought ſurpriſing, that the elec- 


_ . trometer, although very ſenſible, did 


not diverge; but if we reflect, that 
the ballon was filled within, and ſur- 
rounded without by a denſe poſitive 
electric atmoſphere, and that the in- 
ſtrument plunged in this atmoſphere 
could not be deprived of its natural 
electricity, our ſurprize will ceaſe. 


§ 102, I 


(_ 187). 


$ 102, I now made two conſecu- Experi- 
tive experiments of heating and cool- a 
ing. The firſt by continually electri- — i 

fying the apparatus, and the ſecond d 
without electricity. The n 
previous to theſe Experiments Were as — 
follows: Hygrom. 3; 9 1,85. 

Thermom. in the globe + 90. Ther- 
mom. in the chamber 9, 5. I omit 

the experiments themſelves, in order 


to give their comparative reſults. 


N 
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( 189 ) 
8 I 03: It is very remarkable, chat Remarks, 
the procels of heating was more ſpeedy 
by nearly one third in the electrified - 
than in the ſimple vacuum; and this 
difference is maintained from degree 
to degree in an eee man- 
ner. 
This circumſtance will appear | ſtill 
more extraordinary, if we conſider, 
that this ſpeedy heating was produced 
by a calorific cauſe, whoſe energy 
was manifeſtly weaker ; for, in this 
laſt experiment, the electricity which 
eſcaped by the tapers cauſed an in- 
. conſtancy in their flame, and in gene- 
ral they burnt very ill. Hence, al- 
though the heating cauſe acted more 
ſpeedily, it had leſs abſolute denſity 
in the electrified vacuum, where the 


thermometer role Wor” 17%, than 
-"- 


degree of the other ſeries ; ſeeing, 


( 190 ) 
in the * vacuum, where it roſe 
to 202 


This fact may be 8d by 
ſuppoſing that the electric action pro- 
duced a certain heat, which, uniting 


with the calorific emanation of the ta- 


pers, augmented their effect to a cer- 
tain point; but the heat, thus pro- 


duced, being confined in the extent 


of its action, could not influence the 


maximum, which was diminiſhed by 


the imperfe& combuſtion of the ta- 


| 58-7 


As to the refrigeration, the obſer- 
vation marked by an afteriſk appears 


to merit rejection. Nor ought we to 


compare the firſt degree of this pro- 


ceſs, from 179 to 169 in the electri- 5 


fied vacuum, with the correſponding 


that 


| ( 19t 9 

that the firſt degree of refrigeration is 

always flower, from a kind of ſtagna- 
tion which the fire experiences when 

the courſe of its direction is changed; 
finally, we ought to reject, as we have 
| always done, the laſt interval of the 
| cooling. There will, therefore, re- 
main only three degrees to be com- 
pared, which offer ne a an 
progreſſion. 

§ 104. Theſe firſt reſults led to a Repetition 
diſcovery of facts too intereſting for ID 


me to neglect repeating and varying 
| 
| 


the experiment which had furniſhed 
them. I therefore repeated, as ſoon 
as poſſible, the ſame experiment, 
with this difference only, that I now * 
inſulated the tapers, by placing them 
on large glaſs ſalvers, varniſhed with 
cop The inſtruments were as fol- 
low: 


(, 192, ), 
low: . Thermom. + 99 Gage 1,85. 
Thermom. in the chamber 92,5. 
I omit the detail, and give only 
the reſult, as in the preceding expe- 
riment. é 
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8 106. Tn this experiment with the 
-tapers inſulated, the difference in the 
promptitude of the heating between 
the electriſied and ſimple vacuum diſ- 
appeared; but we find a variation in 
the oppoſite ſenſe, viz. the thermo- 
meter in the ſimple vacuum traverſed 
the intervals from 9e. to 199%. more 
quickly than in the electrified vacu- 


um, in the proportion 'of 965” to 


1050”. 


The thermometer roſe 4 degrees 


higher in the ſimple than in the elec- 


trified vacuum. This fact was eaſily 


foreſeen ; becauſe, notwithſtanding the 
inſulation of the tapers, they were 
too much affected by the denſe elec- 


_ tric atmoſphere to burn ſo well. du- 


ring the time the electrical machine 
vas in action, as during * time it 
was in repoſe. | | 


ulation of the tapers, 1t was neceflary 
> repeat the experiment in the ſame 


+ 19 5 3 | 
The refrigerations, compared i in the 
correſpondent intervals, appear more 
flow in the electrifled than in the ſim- 
ple vacuum, in the proportion of + 
1410” to 1285" viz. about vr. Was 


this occaſioned by the electric fluid 


entering the globe united to the fire, 
which became its deferent fluid, and 

acquired intenſity by that union, or 
was it a conſequence of the difficult 

permeability of the electric fluid to 

fire? Beſides, the progreſs of the re- 
frigeration offers ſtriking irregularities, 

of which I know not the cauſe, as 


they even exceed the bounds of im- 


perfection in the d them- 
ſelves. _ | 
§ 106, To know whether theſe new zd expert- 


ment with 


reſult ht to be imputed to the in- Wow, * 
S$ OUg 0 1 put oa wat 


* circum- | 


(100-1 
circumſtances as in the firſt eſſay of 
this kind, which was accordingly exe- 
cuted, with this difference only, that 
I was obliged to' employ new tapers, 
the former being conſumed. I made 
two conſecutive experiments of heat- 
ing and cooling; firſt without electri- 
fying, and then by electrifying con- 
tinually. The reſults were as follows: 
Therm. 9,5 Hygrom. 159. Gage 1,8. 


849% I. 
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"Remarks. 65 105. We here find a reſult of the 

| ſame kind as in the firſt experiment, 

but in a ſmaller degree. The electric 

force accelerated the heating in the 

| proportion of 1190.“ to 1350,” omit- 

ting the laſt intervals, which would 

| ſtill increaſe this difference. The max- 

imum was the ſame in both caſes, viz. 

234. Ir is true, that in the electrical 

experiment, the temperature of the 

chamber was one degree higher, 
which muſt have influenced the maxi- 

mum. The refrigerations made a pro- 
greſſion nearly parallel, and much leſs 

irregular than in the experiment, 9 87. 

It may here be obſerved, that when 

there are no real cauſes of irregularity, 

the uncertainty in the obſervation is 

reduced to very narrow limits. 5 

§ 108. If we may be permitted to 
8 on the reſults which are offered 

Oy - 


=: 


( 199 ) 

by the fix experiments that have been 
compared: if we may admit what 
they ſeem to indicate, viz. that the 
thermometer is more rapidly heated, 
when a continual electric force is joined 
to the action of the uninſulated capers, 
and thar it cools more flowly in the 
electrified recipient when the tapers 
are inſulated; perhaps theſe facts 
would not remain without à plaufible 

explanation. In the caſe of the tapers 
not being inſulated, the electric fluid 
arrives by preference at the flame of 

the taper, and there forms an emana- 
tion ; this emanation mingles with the 
hot and luminous emanations emitted 
by the tapers, and may be partly re- 
flected with them, conſidering that 
the mirrors themſelves are plunged in 


the ſame electric atmoſphere, and are 


in ſome degree inſulated ; probably” 


f 


C 
the electric fluid itſelf being bus i in- 
troduced into the globe, may develop 
heat, or a luminous quality ode 
of exciting heat. | 
In the experiment with ioſulatedd 
tapers, their flame does not receive 
more electric fluid than the reſt of the 
apparatus, nor more than a propor- 
tional part of the electric atmoſphere 
which ſurrounds the globe, and there- 
fore, not being radiated at the focus 
of the calorific emanation, is not in 
the courſe of being reflected to the 
centre of the ballon, 


CHAP. 


8 
( J 
* * 
A — = a 
A.» * 1 
4 * 1 


E periments, nad add 1% 9 K vapora-- 
tion, and 1 eee in 7 
of ha * 
$ 109. Is HAVE creaty ole rved : Seakbility ; 
that the experiments made in vacuo; . —.— 
had preſented ſome intereſting 8 


which I think it now time to particu- 


— a G v4 | is 4 G 4 - | * 5 — 1 J 
2 8 4 F : » 4 x # . p * 4 1 - , 
I 8 * w * 4 
„ E * 8 5 4 1 F : 3 v4 3 7 4 * 1 1 


larize. They belong for the moſt - 


part to hygrometry, and have ſhewn 
me the ineſtimable value of the pre- 


ſent Mr. De Sauſſure has made to na- 
tural Philoſophers in giving them the 
hair hygrometer. 


That my readers may Gras an idea 


of the advantages of this inſtrument, 


T ſhall begin by relating the experi- 


* 


<( 202 9). 
ment I previouſly made with an in- 
tention to try the ſenſibility of the 
hygrometer within the globe. 

J ſeparated the hygrometer from 
the reſt of the apparatus, and em- 
ployed a glaſs cylinder, humected 
within after the manner of Mr. De 
Sauſſure, in order to expoſe the in- 
ſtrument alternately, and as rapidly 
as poſſible, to extreme moiſture, and 
to the dryneſs of the air in which 1 
operated. I firſt reduced the hygro- 
meter to 100 or extreme moiſture, 
under the wet cylinder, and then ſud- 
denly removing the glaſs, I obſerved 
the following progreſſion, and noted 
the intervals of time which the needle 
of the hygrometer . for every 
5 en. | 


From 


{ 8.7 

From 1009. to 95 
0. 

9 

85 


In all from 100 to 75. 70 ſec. 


It is obſeryable, that the inſtrument 
required little more than a minute to 
paſs from extreme moiſture to the 
hygrometric degree of the air of the 
chamber, which was in fa& about 
75 degrees. The hygrometer being 
| ſtationary, I again covered the inftru- 
ment with the wet cylinder, and ob- 
ſerved for every five degrees the fol- | | 
| iy intervals. p 


From 75° to 80% 1 ; 
eee 


From 


Its ordinary 
by org of Mr. De Sauſſure have taught us, 
OO. that temperature has a direct influence 
on the degree indicated by the hygro- 
meter; that is, in proportion as a 
given 


- From 85 to go 51 
N Fd 
95 200 38 


— — 
* 


In all from 7 5 100 60 1. 


Thus it appears that the hair is im- 
pregnated ſomewhat more quickly in 
the atmoſphere. of extreme moiſture, 
than it is exſiccated in the open and 


quiet air. But in both caſes the tran · 
ſition is very prompt. It is likewiſe 
true, that of all the hygrometers which 


I have employed in my ſeveral expe- 


riments, this in particular poſſeſſed 


the moſt eminent degree of ſenſibility. 
- \ 110. The well- directed inquiries 


( 205 ). 

given volume of air, containing a 
certain quantity of water in a ſtate of 
elaſtic vapour below the term of ſatu- 
ration, ſhall be cooled, the hygrome- 
ter will move towards humidity, until 
it arrives at the term of extreme moiſ- 
ture; that it will ſtop there, although a 
the cooling ſhould continue: but that 
we ſhall then inſtantly obſerve the 
water in ſubſtance depoſited in form 
of dew upon all the — od, 
bodies. 5 

Our celebrated aki ex paid this" : 
movement of the hygrometer very 
naturally, by ſaying that the preſence  » - 
of fire augments the diffolving force 
of the ambient air, and that its ab- 
ſence diminiſhes the ſame, and renders 
the air leſs capable of imbibing the 
moiſture from the hair. The relative 
force of the atmoſpherical air, and of 


( 206 ) 


the hair of the hygrometer to attract 


the aqueous fluid from each other re- 
ciprocally, varies according to certain 


laws dependant on their reſpective 


diftances from the term of ſaturation. 


The facts, and the theory derived from 


them, are repreſented in the moſt clear 


and ſatisfactory manner in the work I 
have repeatedly quoted. | 


8 111. A ſtriking exception to ha 5 


general law preſented itſelf at my firſt 


experiment in vacuo. And as it 


ſhewed me how active and energetic a 
part fire ated in evaporation, when 
unobſtructed by the air, it induced 
me to conclude, that it may, perhaps, 


be the only agent which produces the 


phenomena of evaporation, and that 
the air' has litle or no ſhare in it. 
The fact is as follows : 


On 


On the . third of Lane, 1786, 
my globe being exhapſted of air, — 


ſaturated with watery vapour, ſo that 


at the tem perature of the chamber, 
viz. 4 above zero, the hygrometer 
marked 98 that is, extreme moiſ- 


ture; no dew was diſcernible upon its 
inner ſurface. I removed it into ano- |. 


ther chamber, where the mercury ſtood 


4 degrees lower, exactly at freezing 


point. It had ſcarcely been here a 


minute, before. the dew appeared, . 


mixed with ſome concrete drops, but 


not frozen. The dew was conſtantiy 


depoſited upon that ſide of the globe 


towards the neareſt' window of the | 


chamber; a circumſtance of which 
we ſhall preſently ſee the reaſon. 

In this ſtate, who would-nor ſuppoſe 
that the hygrometer remained ſtatio- 
nary at the term of ſaturation, or ex- 
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| thane moiſture}. Bu was with \ ſurprize, 


therefore, that I ſaw it move briſkly 
towards ficcity ; at the end of 4 mi. 
nutes it was at 91“. only, and the 
thermometer within the globe was de- 
ſcended one degree. The hygrometer 


continued to move towards ſiccity, and 


after a few minutes was at 895. 
But at the expiration of 20 minutes, 


the thermometer being deſcended to 


zero, I found the hygrometer again 


mounted to 94. and in 5 minutes 


more it was at 97. where it remained 
ſtationary. Here we ſee the hygro- 
meter advancing towards city in 
proportion as the watery vapour, in 
which it was plunged, cooled; and we 
are about to obſerve an appearance of 
the ſame kind in the contrary , caſe, N 
but! in an inverſe direction. l 
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9 112. At preſent, the thermome · It ocrvrsin 


two £ 


| meter in the ares is at zero, the hy- ſite ca 


grometer at 97%, and fome dew de- 
poſited within upon the ſide next to 
the neareſt window. I remove the 
apparatus from this temperature into 
another chamber, where the thermo- 
meter is at + 6% and where, conſe- 
quently, the globe will be heated. 
At the inſtant of ics arrival, the by- 
grometer roſe to 99,3, that is, it 
moved ſo much towards moiſture, and 
remained there as long as the evapo 
ration of the dew, which covered a 
part of che interior of the globe, con- 
tinued. As ſoon as this evaporation 
was completed, the hygrometer began 
to move towards ficcity, although the 
bulb of the thermometer, and every 
part of the apparatus, which occupied 
| P. „ 


1 ( 210 ) 
m turn, with the dew. By degrees 
it diſappeared, and at the expiration 
of three hours, the thermometer was 
at 7*. (the temperature of the cham- 
ber having augmented one degree) 
the hygrometer at 90, and the dew 
no longer diſcernible within the globe. 
In this example, then, the hygrome- 
ter begins to move towards moiſture, 
1 when the globe is heated. | 
Txplication - & 113, I think theſe extraordinary 
raordinary APPEATANCES may be thus explained. 
pen In this globe ſaturated with watery 
vapour, we have three ſubſtances, 
viz. water, hair, and fire. Let us 
conſider the water as purely paſſive; 
the fire and the hair contend for the 
aqueous fluid, and the fire, indepen- 
dent of its hygrometric or coheſive 
affinity with water, poſſeſſes a loco- 


motive faculty which the hair doe: 


963 4 


Cen ) 


not, and by virtue of which it is al- 


ways in motion towards the place 
where its tendency to equilibrium in- 
vites it; that is, from hotter to colder : 
in theſe movements it carries the water 
along with it, and, when once it has 
reduced this liquid to a ſtate of elaſtic 
vapour, it is momentally united with 
it; to ule the happy expreth on of 
Mr. De Luc, it becomes its Apen. 
fluid. 

When, therefore, in a temperature 


of + 4, the hygrometer is at 98. and 


no water in ſuhſtance is viſible in any 


part of the globe, it ſhews that both 


the fire and the hair rerain as much 
water as poſſible in a ſtate which 
Mr. De Sauſſure calls pure elaſtic va- 
pour; for it is in this ſtate only, viz. 
when united to the fire of evaporation, 
that water penetrates the hair in the 
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true frygrometric modifications &. The 
fire is actually in a ſtate of repoſe and 
equilibrium, nor tends to move to- 
wards any fide, becauſe I ſuppoſe the 
temperature within and without the 
globe to be alike. 

But as ſoon as the whole apparatus 
is removed into a colder chamber, 
the equilibrium is deſtroyed, the fire 


| has a rendency to re-eſtabliſh it, and 


Fir- eee 
cient attention to this principle of hygrometry, 
When he fought the extreme term of his hy · 
grometer in water, inſtead of ſaturated air; for 
it is not in a ſlate of eater, but of water 
4 vapour; that this element is united with 

air, or with whatever aeriform fluids we 
apply the hygrometer to; and whetiever the 
alt contains water in ſubſtance, it either rains 
or is foggy, and then the hygrometer teaches 
us nothing that we do not Know or ſee with 


out it. 
inſtantly 


( 


inſtantly moyes from the centre.3p he 
circumference af the globe; it quits 
the hair in particular, and carries ich 
ĩt a part of the elaſtic watery uid. In 
conſequence of chis ſudden departure 
of the vapqur which moiſtened the 
hair, the hygrometer mores towards 
ſiccity. The deferent Said which car- 
ries away this vapour, boch from che 
hair and from the medium that held 
it ſuſpended within the globe, pene 

trates the glaG, but not being Abs 10 
convey the aqueous fluid through this 
ſubſtance, it is neceflarily depoſited 
on the interior ſurface, on all ſides in- 
differently, provided the chamber, 

to which the globe has been removed, 
be equall cold in every Part. Byt 
vhep it is colder withou Gags An 
in the apartment, the Vagour will he 
e on that ſide which happens 
P 2 I. 
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logous to its action in the example above men- 


(214 ) 
to be neareſt to the window of the 
chamber . And in general we can 
direct this appearance of dew to what- 


ever fide we pleaſe, by the approach. 


ing of any cold body. I have ſeveral 
times ſucceeded in making the hygro- 
meter at the centre of the globe move 
ſome degrees towards ficcity by apply- 
ing a piece of ice to the outſide. 
But the equilibrium between the 
hygrometric force of the fire, and of 
the hair, is ſoon re-eſtabliſhed in this 


new temperature. The exceſs of 


water 15 depoſited in the form of dew, 


*I know not whether the influence that de- 
termines the ſide of the vefel on which certain 


ſaline vegecations form, although it may have 
been imputed to light, might not more juſtly 


be att / buted to fire opc rating in a manner ana- 


4 


the 


* 


| E 


the fire evaporates the reſt, and dif- 


fuſes it uniformly in the interior of the , 
globe; the hair abſorbs it in a leſs ab- 
ſolute, although 1 in an equal relative, 
quantity, and by degrees it returns to 


the term of extreme moiſture, or very 


— 


near it. 

In theſe circumſtances, let us re- 
move the apparatus from the cold tem- 
perature into a hotter, the fire will 
follow an oppoſite courſe. It now 


tends, from without, inward, and 


having traverſed the elaſs; meets im- 
mediately with the dew that lines the 
inſide, is impregnated with it, be- 
comes its deferent fluid, tranſports it 


almoſt inſtantaneouſly to the centre of 


the apparatus,, and depoſits it upon 
the inſtruments which are there, and 


which itſelf penetrates. . The hygro- 


meter mounts to extreme. moiſture, if 
* . + P 4 
3 | 
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i 
| 
| 
| 
| 
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it was not there already, and remains 


ſtationary ; becauſe the water in ſub. 
Ntance, depoſited upon the hair in 
form of veſicular vapour, does not af- 


fect it :. Finally, the quantity of fire 


which arrives and accumulates in the 
globe, evaporates fucceſſively all the 
water it encounters; we no longer 
perceive any dew, and the hygrome- 
ter returns to ſiccity. It remains fta- 
tionary at the degree where the 
Hygrometrical affinties of the hair 
and the fire acquire an equilibrium. 
This degree varies, we know, accord- 


ing to the temperature, or what 1 call 


the zenſion of fire. 
5 114. But in order that the phe- 


vacuo. nomena may ſucceed with this promp- 


7" Which is alſo one . adn 


titude, 


le 


a4 re” © 


( 
titude, I woyld ſay with this elegance, 
the globe muſt be void of gir, that 
the fire may be at liberty to move 
with the water it carries along, withe . 
out any obſtade. For if it be fet- 
tered by the preſence of ar, if it be 
foreed to fift inſelf, as I may ſay, 
through this groſs fluid, which it pene- 
trates with difficulty, particularly when 
it is united with water in a ſtate of 
elaſtic vapour, then all cheſe pheno- 
mena are retarded, and the bair, 


which has time to follow the fire itſeif 
in its hygrometric progrels,- ao longer 
offers the appearances I have juſt de- 
knbed. ' - 


 I'RY Theſe phenomens are aber 


abſolute quantity of evaporated — 
is greater in the globe. However, * 


have obſerved them in a degree of | 
ſiccity, 


18 090 

ficcity, where in a temperature — 1“, 
the hygrometer was at 18% On ap- 
proaching the apparatus towards the 
fire, the hygrometer began to move 
towards humidity; and afterwards, 
when the temperature became uniform, 
it returned to its true point (182). 
But when the variations of tempera- 
ture are very ſlow, and when the quan- 
tity of moiſture in the vacuum is in- 
conſiderable, the hygrometer requires 
a ſufficient interval of time to recover 
the exact equilibrium of the ambient 
medium. It required, for inſtance, 
12 hours in this laſt caſe. 

F 116. Although the preſence of 


fence of 3i7 air obſtructs and delays the effects 1 
deſtroy this have juſt now deſcribed, yet it does 
. not- abſolutely prevent them. Theſe 


phenomena explain a fact which, 
without doubt, has been before ob- 
| ſerved 


( 4 3F-. © 
ſerved by others, but of which, I 
think, no ſatisſactory reaſon has et 
been given. ; 
Cellars and -ſubterraneous TY 
at a certain depth, are commonly dry 


in winter, and very wet in ſummer. 
This obſervation, which has but-a 
very few local exceptions, ought not, 
after what has been ſaid, to ſurprize 
us. For, in ſummer, the atmoſphere 
is hotter than the interior of the earth, 
and fire, which always tends to an 
equilibrium, moves, in this ſeaſon, 
from above downward in the upper 
ſtrata of the earth, with the water it 
bears. It depoſits this water in theſe _ 
ſtrata ſucceſſively, in proportion as it 
penetrates them, and finds them colder. 
Thus they become loaded with humi- 
dity to a certain depth, and retain it 
until by a change in the temperature 


- 


. 
of the atmoſphere, whych the cold 
ſeaſon brings with it, the fire returns 
from the earth to the air, and gradu- 
ally carries with it the water it had 
depoſited during the ſummer. Hence 
the maximum of drynels in cellars will 
be abſerved in the ſpring, and their 
extreme moiſture in autumn. The 
nature of the ſoil, and the depth of the 
ſubterraneous caves, may to a certain 
degree modify theſe conſequences, but 
they will always he found conformable 

io fact. 

Even mer- 5 119. Another fact which, =" 
ra with out doubt, has been obſerved by many 
facing people, ſhews with what energy fire 
effects evaporation, when not reſtrained 
by the preſence of the atmoſphere. 
In the upper pact of harometers, well 
purified from air, and expoſed to con- 
&derable changes of temperature, 4 


TM. 
bor example, at a window oporr which 
the ſun ſhines, we fee the mercury 


raiſed and depoſited in little drops 
on the empty part of the tube. Theſe 
drops gradually increaſe, and at length, 
by their weight, fall back into the 
mercury from whence they iſſued. 
This is a teal diſtillation which takes 
place in the ordinary temperatute of 
the atmoſphere. The fire, although . 
of a denſity very inconſiderable in 
this inſtance, raiſes the mercury, 
which is nearly 14 times heavier than 
water, carries it to the height of at 
leaſt 2 inches, and depoſits it, when 
by a tendency to equilibrium the fire 
is urged to traverſe the glaſs, that is 
to ſay, on the coldeſt fide, which, in 
ſummer, is commonly that oppoſite 
to the witidow. | | 


I 118, Theſe 


- 4:62) 
con- 8. 118. Thele facts, as alſo that of 
— diſtillation, always ſo eaſy and ſpeedy 
in vacuo, and ſometimes impoſſible 

in air, according to the- apparatus we 
employ, as well as other analogous 
obſervations, have imprefled me with 

ſuch ideas of the power of fire in | 

: every thing which relates to evapora- 
tion, that I am tempted to look upon 

it as the ſole agent in this claſs of phe- ; 
nomena, and to renounce the idea, 

that air acts in the manner of chemi- 

cal diſſolvents. The very ſpecious ar- 
guments of my learned colleague in 

his hygrometry, in favour of that opi- 

nion, had long ſeduced me; but the 
charming ſimplicity which the theory 

of evaporation would acquire, if we 

could diveſt it of the agency of air; 

the poſſibility I perceive of reducing 

the whole to the action of fire; the 
proba- 


* s 
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probability which increaſes with the 
ſimplicity of. every natural hypotheſis, 
attract me, I confeſs, ſtill more forci- 
bly. Art all events, it could only be 
as a phyſical agent, or as acting by 
affinity off cohefion, that I could be 
perſuaded to admit it, in any thing 
which concerns evaporation, agreea- 
bly to the diſtinctions I have inſiſted 
on in the firſt chapter of this Effay. 
$ 119. The facts already enume- oiber ob- 


1 ſervations 
rated in this chapter are not the only relativeto 


phenomena, which the introduction of af v. 
vapours, whether aqueous or ethereal, “*. 
into my apparatus has afforded me op- 
portunities of obſerving. I have very 

flightly touched upon the manometric 

or elaſtic effects of theſe. vapours. 

They require ſome explanation, and 
merit, indeed, a courſe. of experi- 

ments directed ſolely towards their ex- 

825 - , amination, 
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amination, for which my apparatus 
would be very convenient. 

It may, perhaps, be remembered, 
that this apparatus contains a gage or 
barometer in form of a ſyphon, de- 
ſcribed $ 75, and deſigned! to mark 
the degree of vacuum obtained in the 
globe, as well as the elaſtic force of 
che vapours which might be. intro- 
duced. The lateral pipe r,] fig. a, 
deſcribed g 79, furnfhed me with the 
means of introducing into the globe 
Kaon quantities of any ſubſtance ſuſ- 
cepti ible of evaporation. I placed this 
i. water for example, in a 
very ſmall glaſs tube, which I fubſti- 
tured for the large ſyphon EE. The 
tube was cloſed at its outer extremity, 


and luted at the other to the cock 1, 
the key whereof it touched eee 


1 
was formed between the inſide of the 
globe and the little tube, and occa- 
ſioned the evaporation of the liquid 
which it contained, and which had been 
previouſly u with the tube to 


the preciſion of 1 of a grain- 
If the liquid, and the inſide of the 


little tube that contained it, had not 


been freed from air by ebullition, im- 
mediately before it was expoſed to 
the vacuum, it would have ruſhed 
into the globe at the inftant the cock 
Was tn by the impulſe of the 
elaſticity of the air diſperſed throught: | 
it, which was now- no- longer com- 
prefled. by the weight of the atmoſ- 


phere. 
$120. We haze already ſeen, q 94s Experi- 


ment on the 


this the aqueous vapour introduced elaſticity of 
iven 


into the Wow in ſufficient Sonny 22 of 


@: water in a 


* to \ pour. 
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to 93. that is, 76 degrees, in a mean 
temperature of about 7%. had raiſed 
the gage from 1,4 lines to 4,5, that 
is, 3 lines , which ſhews that the 
vapour produced an elaſtic fluid capa- 
ble of ſuſtaining, at this temperature, 
a column of 3, 1 lines of mercury. 

But at that time, I knew not the 
abſolute quantity of water, which, in 
a given temperature, would produce 
a certain manometric effect, or ſuſtain 
a given column of mercury; I en- 
deavoured, therefore, to determine it 
by the following experiment. 
The thermometer being at + 3,1 
and the hygrometer within the globe 
at 17,3. which announced a conſide- 
rable degree of dryneſs, I adapted to 
the cock the little glaſs tube, contain- 
ing exactly a grain and , or +4 of a 
grain of water, which being boiled 


ct. OA. | 
in the tube itſelf, and the gage being 
then at 1 line Zens 1 obſerved as fol- 


mary reſults, we ſee, iſt, that at the 
mean temperature of about 32,2. the 
tube Cong the water being warm, 


the 4; 


; of a grain were evaporated in 


about 40 minutes in the vacuum. 

2dly, That when this water was 
equally diffuſed in the globe, which 
did not happen in leſs than about 
6 hours, the hygrometer roſe towards 


Q 2 


humi- 


lows: 
n. min. ſec. | Hygr. | Gage. | Ther. 
tl. 44. 0. | 17,3 | 1:45- | 3,1. Opened the lateral cock, 
= 40. | 18,0 | +» » .. having firſt adapted thef 
46. 15. | 19,0 | +» . tube to it ſtill warm. 
12. 13. 29. 2,25. 3,3 
25. 39. 2,25. 3,5. Turned the cock, and 
4. 48. 2,55. | 3,0. removed the tube, which 
1. 2. 56. | 2,56.| 3,6. was very dry and quite 
I. 40. 53,3 I. 3,9- empty. | 
2. 28. 69,0 „„ 
| 4. 30. 60, 72,63. 4,2» | 
i — 
$ 121. On examining. theſe pri- RefleQions, | 
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humidity ſrom 17, 3 to 60,2 viz. about 
43 degrees. 

2dly, And finally, that the elaſtic 
fluid produced by the union of fire 
with this water, at the temperature of 
4,2. raiſed the gage from 1,45 to, 
2,68 lines, that is to fay, ſuſtained in 
this caſe, in a permanent manner, 

1,23 lines of mercury. 

This column of mercury is 2 of 
27 inches, the mean height of the ba- 
rometer at Geneva, and Roofing that 
the elaſtic vapour, which ſuſtains it, 
was common air, and this air to occu- 
py, nearly to the laſt degrees of dila- 
tation, certain ſpaces which are in an 
inverſe ratio to the compreſſing weight, 
a quantity of air charged with an at- 
moſphere equivalent to 27 inches of 
mercury, and of a volume equal to 


ab of that of the globe, introduced 
M into 
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into this globe, would have produced 
the ſame effect as the elaſtic vapour. 
Now, this volume being 4,55 cubic 
inches, is, therefore, the ſame which 
the vapour, that has filled the globe, 
would have occupied, ſuppoſing it was 
charged with the weight of the atmoſ- 
phere, and its volume, ceteris paribus, 
to diminiſh in proportion to the cam- 
prefing weight. 

Thus I of a grain of water in a 
liquid ſtate occupies a ſpace of only 
o, oo 32 of a cubic inch. This water, 
therefore, acquires, by paſſing into 
an elaſtic ſtate in the temperature of 
this experiment, a volume 1422 
times more confiderable, ſuppoſing it 
charged with the weight of the atmoſ- 

phere; and as, in fact, it is not ex- 
Poſed to this weight, and only ſuſtains 
the 137 part of it, viz. 1, 23 lines, and 

. Q3 + occupics 
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occupies the whole capacity of the 
globe, that is, 1197 cubic inches, its 
liquid volume is to its elaſtic volume, 
in theſe circumſtances, as unity to 
374063. 
This calculation, which is founded 
on the ſuppoſition of a permanent and 
perfectly elaſtic acriform fluid, 1s not 
rigorouſly, nor, indeed, nearly, ap- 
plicable to the watery elaſtic vapour, 
becauſe the preſſion it experiences by 
the re· action reſulting from its own 
elaſticity, is even an obftacle to its 
production, and we ſoon find the li- 
mits where, with a given quantity of 
water, and in a certain temperature, 
the formation of the elaſtic vapour 
will ceaſe in a cloſe veſſel void of air. 
J believe this term is the ſame with 
that of hygrometric ſaturation, and 
if ſo, if the fire and the hair refuſe at 
4 the 


4 


_—_— 
the ſame time, the one to evaporate 
more 'water, and the other to admit 
into its texture any farther quantity of 
vapour, evaporation comes within the 
claſs of hygrometric phenomena; it is 
the reſult of a pure hygrometric affi- 
nity between fire and water, perfectly 
ſimilar to that of hair, and is likewiſe 
a reaſon for ſeparating this ſort of union 
from the chemical union, with which, 
as 1 have already ſaid, many cele- 
brated philoſophers ſeem diſpoſed tc to 
confound 2 If. > 

8 122. 1 was defirous of trying L-quiry in- 


to the pro- 
what progreſſion the formation of wa- greſfve 


tery elaſtic fiuids would follow, by repro 
expoling to evaporation in the globe, 
ſucceſſively, equal quantities of water 

in an uniform temperature. For this 
purpoſe, I added, by the means al- 

ready deſcribed, s of a grain of wa- 


24 ter 


* 
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ter to the 15 previouſly introduced, 
which made in the whole 34, and after 
a ſpace of 8 hours, the inſtruments 


being all ſtationary, I obſerved the 


hygrometer 72,5 the gage 3, 30 and 
the thermometer 4,2. I then added 
Vi of a grain more, and at the expi- 
ration of an equal interval, obſerved 
the hygrometer 80,4 the gage 4,0 
and the thermometer 4,3. At this 
period an accident gave admiſſion to 
the air, and I was unable to obtain 
ſucceſſively, as I propoſed, the term 
of ſaturation in vacuo at this tempe- 
rature, from which I was ſtill diſtant 
about 20 degrees, but theſe obſerva- 

tions were ſufficient to ſhew me, 
iſt, That the progreſſion of the 
hygrometer, alike, in this reſpect, to , 
that which Mr. De Sauffure had ob- 
ſerved in the air, decreaſed relatively 
i 0 


— 
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to the real quantities of moiſture in- 
troduced into the vacuum. The ob- 
ſervations are not ſufficiently nume- 
rous to eſtabliſh the law of this pro- 
greſſion; and, beſides, it was not the 
object I had in view. It is, however, 
evident, that +} of a grain having 
raiſed the hygrometer 45 degrees, Ys 
ſhould have raiſed it about 18 de- 
grees, inſtead of 11,8 ; and that the 
firſt 26 having raiſed it 11,8, the Ys 
added in-the third experiment, only 
raiſed it 7,9 degrees. 


$ 123. The gage ſeems, on the Remarka- 


contrary, to ſhew an increaſing: pro- 
greſſion of elaſticity, relatively x the 
real quantities of water convertef into 
elaſtic fluid. This circumſtance fur- 
| prized me, and I ſuſpected that a 
ſmall quantity of air might have en- 
tered the globe ; but the gage remain- 


ing 


ble circum - 
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Ing 24 hours ſtationary, deſtroyed this 
ſuſpicion, and I concluded that 44 of 
a grain of water reduced to elaſtic 
fluid having raiſed the gage from 1,45 
to 2,68 lines, that is, 1,23, 3+ ought 
to have raiſed it to 3,19 only, inflead 
of 3, 30, and, conſequently, that 4z 
ſhould have raiſed it to 3,69, inſtead 
of to 4,0. If, therefore, we examine 
with attention theſe three obſervations, 
to the exactitude of which I know no 
objection, we ſhall ſee that they agree 
in ſhewing an increaſing progreſſion in 
the elaſticity of the watery vapour, 
formed in vacuo by ſucceſſive addi- 
tions of equal quantities of water at 
the ſame temperature. And we ſhall 
preſently ſhew, that the ſmall variation 
of the thermometer in theſe three ex- 
-periments.cannot account for this fact. 


F124. 1 
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8 124. I made, at the ſame time, The influ- 
ence of tem- 


ſome experiments on the influence ofperature on 
. _ , 4 . * * Jet the elaſtici- | 
temperature on the elaſticity of this ty ef the 


vapour, and I ſaw, that although the 
variations of temperature acted pow- 
erfully upon the hygrometer, they had 
little effect upon the gage; but that 
they increaſed, however, with the 
quanrities of water evaporated. Thus 
in the firſt experiment with I of a 
grain of water, an increaſe of 79,6 of 

remperature made the hygrometer de- 
ſcend from 60%, 2, to 47,5, that is, 
12%, and the gage remained almoſt 
ſtationary. In the laſt experiment, in 
which there was +z of a grain of water 
evaporated in the globe, an increaſed 
temperature of 11 4 viz. from zero 
to 11% 4 made the hygrometer deſcend 
from 92, 3. to 60, that is, it moved 
towards ſiccitty 329 3, and the gage 
| — 


* 


* 
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roſe from 3, 80, to 4, 15 lines, that is, 
SIS - | | 

It would, indeed, form an object 
of very intereſting experiments, to 
obſerve the correſpondent progreſſions 
of the thermometer and the gage or 
manometer in vacuo, anſwering to 
equal and ſucceſſive increaſes of tem- 
perature within the limits of atmol- 
pheric heat, and at the ſame time to 
ſtudy, by the joint means of the ma- 
nometer and hygrometer, the two ſti- 
multaneous effects of fire, viz. the 
augmentation of its hygrometrical af- 
finity with water in proportion as its 
denſity increaſes, and that of the elaſ- 
ticity which it gives to the water it 
evaporates ; and laſtly, to determine 


according to different temperatures, 


what may be the abſolute quantity 
which, in a given vacuum, would be 
5 
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the ne plus ultra, or the term where 
the elaſticity of the fluid already eva- 
porated would hinder, by its own 
preſſion, any further evaporation. But 
| have been too prolix on this ſubject, 
if I aimed only at pointing out the 
road to other obſervers, and on the 
other hand, I have not tried a ſuffi- 
cient number of experiments to make 
it clear. But theſe matters will be- 
come the ſubject os my approaching 
labours, 

d 125. Some OT concerning Particulars 


concerning 


the phenomena which accompanied. «hercat 
the introduction of the ethereal va- F. 
pour into the globe * terminate thus ; 
chapter. 

It was impoſſible to ad the ether, 
as I had weighed the water, on account 
of the great volatility of this fluid: 
1 contented myſelf, therefore, with 
= counting 


3 
counting the drops I introduced into 
the glaſs tube, luted to the lateral 
cock; I put in 17 at a time, which 
were darted into the globe with a cer- 
tain hifling noiſe at the inſtant the cock 


was opened. 

The inſtruments 
being previouſly 
examined, were 


At the expiration 
of ſix minutes 
from the introduc- 


tion of the firſt 17 
drops 


Three minutes af- 


terwards, I intro- 
duced a ſecond 
doſe of 17 drops, 


and left the cock 
open for three mi- 


nutes: the ſame 


hygr. gage. ther, 


21,8. 1, 50. 10,5 


27,0. 5, 0. 10,8. 


h fling 


i 
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' hiſſing ſound was 


heard at the open- 


ing, and two mi- 
nutes after the 
cock was turned I 


obſerved 


ter,, I introduced 
a third doſe, which 


was accompanied 


by the ſame phe- 
nomena ; the hy- 


grometer was then 


at 46,5; at the 
end of 5 minutes 


I obſerved 
And in half an 
hour after 


39,0. 8,5. 11,0. 
Seven minutes a- 


/ 


69,0. 11,5. 11,0. 


84, o. 1 159. 11 2. 


126, In the firſt place, we ob- unn 
ſerve by the motion of the hygrome- 


tors that the ether, although I had 


treated | 


1 
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treated it with fixed alkali, and rectified 
it carefully in a water bath at 42“., 
ſtill it contained water, from which it 
is impoſſible to purify it by the uſual 


means. We ſet that 51 drops made 
the hygrometer riſe 62 2, and if we 


knew exactly the weight of the ether 
introduced, and that of pure water 
which produces the ſame hygrometric 
effe & in vacuo at a given temperature, 
we ſhould then have a phyſical method 
of knowing the quantity of water 


which forms an integral part of rec- 


tified ether. Finally, the gage ſhews 
us, that 17 drops of ether introduced 
at each time cauſed the mercury to 


riſe, when they were entirely evapo- 
rated, about 3 lines v, at the tempe- 


rature of 11%. The: elaſticity ſeems 
to follow a decreaſing progreſſion, re- 


latively to the quantities of ether in- 


troduced; 
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troduced; but not having been able 


to weigh the quantities, the experi- 
ment is not ſufficiently exact to allow 


any abſolute concluſions like thoſe we 
have endeavoured to eſtabliſh with re- 


nu to the aqueous vapour. 
8127. However, IT endeavoured to The influ- 


ence of heat 


determine the influence of tempera- or the cla 
ticity o 


ture upon the elaſticity of ethereal va- ethercal ras 
r. With this deſign, the inſtru-- 


ments being, hygr. 84. gage 11,9, 


therm. 11,2, I tranſported the appa- 
ratus into a colder chamber, where it . 
remained 40 minutes, and at the ex- 
piration of that time I obſerved the 
hygr. 89,0 gage 10, o therm. 6,4. The 


refrigeration of 4,8 produced a de- 


{cent of the mercury of the gage of 1,9 | 
line. Very little dew was ſeen upon 
the ſides of che globe, but it appeared 
to be ethereal and not aqueous, for, 
R the 


: 
" 


| 
I 
-| 
ö 
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the hygrometer was only at 89,0'that 
is, 11 degrees from the point of ſatu- 
ration. I then expoſed the apparatus 
to a higher temperature than the firſt, 


and obſerved hy gr. 64,0 gage 13.1 
therm. 21,0. 
This laſt ex periment preſents a very 


ſingular reſult. An elevation of tem- 
perature of 109. viz. from 119. to 21“. 


produces an elevation in the gage of 


only 1,2 line; whereas, in the prece- 
ding experiment, made in a tempera- 


ture between the 6th and 11th degree, 
a difference of only 4,8. leſs by half 
than the variation in the laſt experi- 
ment, produced a difference of 1, 9. 
line. Perhaps this irregularity may 


be owing to the inſufficiency of the 


temperature, in the laſt caſe, for the 
evaporation of all the ether; and 


therefore a part of it may have repaſſed 
| from 


- 


(243) ; 
from its elaſtic ſtate to a ſtate of h- 
quidity. It is poſſible, that this tran- 


ſition is made ſuddenly, or by a ſpring 


which deranges the regular progreſſion 
of the elaſticity. This is likewiſe a 
point to be purſued ; but I repeat to 
thoſe, who may have ſuch intention, 
that the ethereal elaſtic fluid attacks 
the varniſh of the inſtruments expoſed 
to it, and in a certain time even ſpoils 
the hair of the hygrometer. 


„R * CHAP} 
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CHAP, VII. 


Experiments concerning the Tempe- 
rature of the Air at different 
heights — Remarkable Circum- 


ftances which theſe Experiments 
preſent, and Conſequences dedu- 
cible therefrom. 


period in & 128. Tur enquiries, which form 
oe the ſubject of the preſent chapter, 
were made. ere made nine years before the greater 
part of thoſe contained in this eſſay, 

but from their immediate connection 

with the ſubject I am treating, they 
naturally belong to it. In 1779, I 
communicated to Mr. De Luc the 
principal phenomena exhibited in 

8 theſe 
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theſe experiments, which were at that 


time new, and he publiſhed them in 
the 5th volume of his Hifory of the 
Earth. They have ſince been repeated 
by an Engliſh philofopher, Mr. Six, 
whoſe refults agree with thoſe I am 
now about to communicate. 


8 129. I have been long occupied Their fri 


object is the 
in perfecting the meaſurement 8 
heights by the barometer, and J had heights by 


the baro- 


fcarce made the firſt ſteps in this meter. 


thorny path, before J obſerved with 
admiration, from how many fources of 
error Mr. De Euc had freed this branch 
of ſcience. But I ſaw, that one till 
remained, the influence of which all 
his efforts could not determine with 
preciſion, and which, from its nature, 
ſeemed to bid defiance to exact eſti- 
mation. I allude to the knowledge 
of the true mean heat of the vertical 
* column 
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column of air intercepted between 
the two ſtations, in which the baro- 
meter 1s obſerved ; for it 1s evident, 
that by obſerving,. as we uſually do, 
the temperature of a thermometer ſuſ- 
pended at 5 feet from the earth on a 
plain, and on a mountain, we obtain 
the mean heat of the ſtratum of air 
which lies on the earth to the diſtance 
of five feet from its ſurface from one 
ſtation to the other, rather than that 
of the column which 1s raifed verti- 
cally upon the inferior ſtation. 

* $ 130. If we could inveſtigate by 
experiment the law by which heat di- 
miniſhes in proportion as we riſe ver- 
tically in the air, according to the va- 
rious ſeaſons of the year, or accord- 
ing as the temperature of the atmoſ- 
phere is modified by the preſence 
of the ſun, of clouds, or of wind, 


( 247 * 
we ſhould go immediately to the 
point, and obtain Wien PRI 
mations. 

But theſe obſervations are — ſo 
ſimple nor ſo eaſily made as may at 
firſt be imagined. Let them be made 
on the ſummit of a mountain, or on 
the top of a ſteeple, they will ſtill be 
fomewhar affected by the heat reflected 
from the ſteeple or from the moun- 

tain; and will not exactly ſhew the 
temperature of the horizontal ſtratum 
of air, by which theſe objects are en- 
veloped. The only means remaining 


are, a balloon. of inflammable air, 
large enough to carry an obſerver, 


and this method is not eaſily practica- 
ble; or laſtly, a high pole at whoſe 
extremity a thermometer may be ſuſ-- 


PO ge may be rap dly lowered 


„ 


\ 


Free 
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for obfervation. This is the method 
I bave employed. 


Deſcription 5 131. In ſome former experiments 


made uſe of 


J made uſe of a pole 50 feet high, 
and afterwards of one 75 feet high. 
My firſt trials were made in the months 
of Auguſt and September, 1778, and 
diſcovering ſome phenomena I did 
not expect, I repeated them the year 
following with better inſtruments, and 
A mare convenient apparatus. And 
it is of thefe latter experiments I am 
now about to give an account. 

The pole was fixed in a large garden, 
and ſupported in its vertical ſituation 
by cords or ſhrouds deſcending ob- 
liquely to the ground. From the top 
of the pole, an arm of about 18 in- 
ches long was extended horizontally, 
from whoſe extremity hung a pulley 
defigned to raiſe and lower one or 

more 


„ 

more thermometers, which was done 
with the utmoſt celerity. The upper 
part of the pole was painted a dead 
black, in order to avoid all kind of 
reflection; and that the ſhadow of the 
pole ſnould never fall upon the ther- 
mometer, I placed the arm in the 
plane of the meridian. 

Beſides theſe thermometers deſtined 
to be raiſed or lowered, I employed 
others, ſuſpended at different diſtan- 
ces from the earth, from between 5 
and 6 feet, to 4 lines. Theſe were 
ſuſpended by a very thin thread of 
ilk extended vertically; one of them 
was hung two inches from the pole it- 
ſelf and 5 feet from the earth. I 
moved it laterally as the ſun advanced, 
that it might be always diametrically 
oppoſite the pole, and by that means 
. in the ſnade. And finally, 

I had 
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I had one on the ground, with its 
bulb juſt covered by the earth, in- 
tended to ſhew the temperature of the 
ſarface of the ſoil, whilſt the correſ- 
ponding obſervations were made in 
the air. p 

The inſtruments were all of mer- 
cury, made with great care, and 
agreeing perfectly with each other. 
The bulbs and inferior parts were 
completely inſulated and detached 
from their ſcales, which were of tin, 
filver, or ivory. The bulbs were of 
a moderate fize, ſo as to require 6 or 
7 minutes to receive the temperature 
of the quiet air in which they were 
| ſuſpended. - The moſt tardy was diſ- 
poſed at the top of the pole, that its 
variations might be as inconſiderable 
as poffible during the 5 or 6 ana 


it required to deſcend. 
d 32. My 
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8 132. My deſign, in general, was ou pro 


to obſerve, by means of this appara- theſe expe- 


tus, what paſſed in the ſtratum of air 
which repoſes upon the earth to the" 
height of 75 feet; to ſee what pro- 
greſſion the augmentation' and dimi- 
nution of the heat produced by the 
ſun's preſence, during a calm and ſe- 
rene day, would follow; what was 
the hotteſt and coldeſt moment of the 
day; what the mean heat of the 24 
hours; and finally, to examine the 

effect of clouds, fogs, winds, &. 
upon theſe reſults. But above all, F 
endeavoured to diſcover if there ex- 
iſted any conſtant proportion between 


the temperature of the air at 75 feet, 


and at 5 feet from the earth; and, 
ſuppoſing this proportion variable, 


vhat might be the nature and periods 


of cls variations. Then to apply 


theſe 


„ 
theſe reſults to the neareſt approxima- 
tion of the true temperature of a ver- 
tical column of air drawn from the 
ordinary and only practicable obſerva - 
tions, made at 5 feet from the earth. 
A more conſiderable elevation 
would, perhaps, have furniſhed the 
means of eſtabliſhing, by numerous 
obſervations at intermediate heights, 
ſome law of the diminution of heat, 
relatively to the augmentation of verti- 
: cal elevation; but a column of air of 
75 feet was inſufficient for ſuch in- 
quiries. 8 
General re- Y 133. It was at the top of the pole 
, that the augmentation and diminution 
of heat during the day followed the 
moſt uniform progreſſion; and it was 
there, likewiſe, as we ſhall preſently 
ſee, that the extremes of heat and 


cold were neareſt each other. The 
thermo» 
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thermemeter in the ſhade at 5 feet 
from the ground agreed beſt with the 
thermometer expoſed to the ſun 70 


feet higher, and they were not only 
ſimilar in their progreſſion, but in 


their abſolute temperature alſo, from 
g o'clock in the morning to 3 in 
the afternoon, although one was in 
the ſun, and the other in the ſhade. 


8 134. 1 uſually began to obſerve Greet 
theſe inſtruments at break of day, rey =O 
and theyall agreed in indicating an 


increaſing coolneſs as ſun riſe ap- 


proached. The coldeſt moment was 
during the riſing of the ſun; and from 
that time the thermometers began to 
mount by different progreſſions, until 
about 3 O Clock in the afternoon, 


which was commoly the hotteſt part 


of the day. The thermometer, whoſe 
bulb was covered by the ſoil, indie 
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- cated at that time a very conſiderable 
degree of heat. I have ſeen it at 45˙. 
of the ſcale of 80 parts, in a hot my 
in the month of Auguſt. 

The winds greatly altered the uni. 
formity of the progreſſion of the ther- 
mometers, which, on the days when 
the air was agitated, moved always by 
oſcillations: a cloud which hid the 
ſun, alſo occaſioned a ſudden deſcent; 


but their motions were never more 


regular than on thoſe calm and uni- 
formly cloudy days, which we fre- 
quently ſee in this * in Au- 
rumn. - 
8 135. All theſe modifications were 
3 foreſeen. The particular re- 
ſults of theſe obſervations, as they re · 
late to barometrical meaſurements, 
will make part of another Eſſay di- 
rected l to inquiries of this 
nature. 


{ 5s 


nature. But the peculiar and unex- 


pected Phenomenon of which I am 
now going to. ſpeak, has naturally a 
place here. 5 


In order to expoſe it clearly, I ſhall 


follow the courſe of the two thermo- 
meters at 5 feet and at 75 feet from 
the earth during 24 hours of calm 
ſerene weather. 


„In the morning, about two hours | 
or two hours and a half after ſun. riſe, 


theſe two thermometers agreed, and, 


except ſome little oſcillations, the ef- 


fect of accidental circumſtances, they 
indicated the fame temperature. 
As the ſun advanced the thermo- 
meter at 5 feet from the ground ac- 
quired a higher temperature, and at 


the hotteſt time of the day, it was 
about two degrees of the ſcale of 80 
SLE 
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parts higher than the 2 at 
75 feet. 
The maximum of diſſerence once 
paſſed, the two thermometers ap- 
proached, and, before the ſetting of 
the ſun, again acquired the ſame tem- 
perature; then varied in the oppoſite 
ſenſe, and their difference augmented 
rapidly after ſun ſet. Towards the 
end of the twilight, the inferior ther- 
mometer was two degrees lower than 
the other, and ſometimes more. 
This difference continued the ſame 
during the night; at leaſt J have rea- 
ſon to preſume ſo; becauſe, having 
quitted them at 11 O Clock in the 
evening, and obſerved them again at 
day break, I conſtantly found the 
thermometer at 5 feet, lower from 
one to two degrees than that at 75 
feet. - * kept the ſame proportion 
during 


K 
during the whole twilight of the 


morning, and it was nat till ſomcrime 


after ſun riſe that the: - began to ap- 
proach, then to acquire the ſame tem- 
perature, and about two hours after- 
ward to croſs each other again. EE 
Such was the conſtant courſe of 
theſe rwo thermometers, as often as 
the weather was calm and ſerene ; and 


ir happened juſt the ſame in the dif- 


ferent ſeaſons of the year, and notwith- 
ſtanding winds and clouds, although 
leſs ſenſibly i in this laſt caſe; and it 


was only on the days completely and 
uniformly cloudy, and when the wind 


was violent, or when there was a 


thick fog, that the two chermome- 


ters, 70 fect diſtant from each other, 


nearly agreed during the whole courſe 


of the days 


55 i jg 8 136. It 


| | 
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— 8 136. It was with extreme ſur— 
Prize, that I beheld, from the very 
firſt day of my experiments, this ex- 
traordinary phenomenon. I thought, 
and doubtleſs I was not fingular in this 
opinion, that the coolneſs which we 
experience in the night came from 
above; nor could I believe y eyes 
when I ſaw the thermometer at 7; 
feet, at that time, nearly two degrees 
higher than the other at 5 feet. It 
was from the ground, then, I con- 
cluded that this coolneſs proceeded. 
And in effect, J found the thermome- 
ter at 4 lifes from the ground, till 
lower, in general, than that at 5 feet; 
but the thermometer, whoſe bulb was 
covered by the earth, was, on the 
'- contrary, much higher than any of 
- the others; and the earth, retaining 


a + /23 of the heat which it had ac- 
youve 


a 


but the ſoil was not at all moiſt; the 


( 30 I 
quired during the day, formed, as it 
were, a kind of ſtove, immediately 
whereon reſted a ſtratum of cool air, 
and above that we —_— the air 


warmer. 


8 137. It may be . et is not 


owing to a 
this was a local phenomenon, and paniculac 


ſition. 
owing to ſome particular exhalations ;* 


fame experiments repeated in a larger 
plain, to which I tranſported the ap- 
paratus, preſented the like refults; .- 
and I have even obtained the fame 


upon an inſulated ſummit of the 


mountain called the Male, which is 
more than 4200 feet above the Jevel 


of the ſea. 


$ 138. I think 1 perceive the ä 
of this phenomenon to be as follows CO 
| When fire is not retail by the 


ties of chemical affinity, it tends can» 


82 ſtantly 


Ca 3 

ſtantly to an equilibrium, as we have 
already ofren proved in the courſe of 
this Eſſay. The ſoil, therefore, be- 
ing hottcr than the air, the fire will 
iſe from the interior of the earth up- 
_ wards, and, being arrived at the ſur- 
face, will ſucceſſively convert into 
vapour the infinitely thin ſtrata of wa- 
ter which moiſten the ſoil in the 
point of contact between the air and 
the earth, and evaporation will take 

place. | 
If we ſuppoſe the ground colder 
than the air, then the fire will deſcend 
into the earth ; but evaporation will 
always take place near its ſurface; 
and in this particular union of fire 
with water, it is known that a part of 
the ſet ſible fire diſappears, and be- 
comes fire of evaporation, that 1s to 
ſay, imperceptible ſire, and that cold 
Tat is 


6 
is produced, unleſs in circumſtances 
in which the external calorific cauſes 
exactly counterbalance the fire that 
diſappears. 

During the two Winne and the 
night, this balance cannot take place. 


; The ambient liberated fire endeavours 


to re-eſtabliſh the equilibrium, but 


the fire that arrives for this purpoſe 


from the earth undergoes at its ſurface 
the me tamorphoſis produced by the 
act of evaporation, and that which 
exiſts in the air above is partly united 
with the water it has evaporated, and 
not being carried downward by any 


great rupture of equilibrium, but 


having, as we have perceived in ano- 
ther place, a tendency, independent of 


the attraction of the ſuperior ſtrata, to 


riſe rather than to deſcend, it moves 2 
e the air in a quantity inſuffi- 
8 3 cient 


Eſſects of 
the tun's 
rays. 


f an } 
cient to r6-eſtabliſh in the infetior ſtra- 
tum the equilibrium of temperature 
deranged by evaporation. It will, 
therefore, remain colder than the 
ground, and than the ſupetior ſtratum, 
fill ſome calorific cauſe ſhall ſupply the 
fire, which diſappeared at the ſurfate 
of the earth. 

$ 149. But as ſoon as tlie rays. of 
the ſun fall upon the inferior ſtratum 
of air, and upon the ſurface of the 
*arth, their calonific effect is felt. In 
the firſt moments; they produce cold 


rather than heat, becauſe the fire they 


ſapply is not, perhaps, ſufficient to 


_ compenſate the quantity abſorbed by 
the increaſed evaporation. 


Their preſence, however, and more 
direct impulſe upon the air and the 


gtornd ſoon gain the advantage, and, 
3 the increaſed evaps- 


ration, 
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ration, the liberated fire is ſo much 


augmented, that the relative heat of 
the inferior ſttatum becomes greater; 


and this ſtratum and the ſuperior ſtrata 
alſo to the height of 75 feet, which 
are the limits of theſe experiments, 
ſhortly acquire the ſame temperature 
that took place about two hours or two 
hours and a half aſter ſun riſe. The 
heat produced by the action of the 


ſolar rays upon the earth, became af- 


terwards ſo great, that the inferior 
ſtratum of air, in which, however, 
the evaporation conſtantly, continued, 
was heated more than the ſupenor, 
and we have ſeen the difference 


amount to 3 degroes in the heneftrime _ 


of the day. 


Aſter this coor, tag ; 
the intenſity of the ſolat rays brought 
back, by cs the equality be- 


3 tween 
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tween the refrigerant effect of evapo- 
ration, and the calonfic effect which 
they produced ; and at this moment 
of equilibrium, the ſuperior and in- 
ferior thermometers again exhibited 
the ſame degree of temperature; a 
little afterward the rays, ftill more 
\ oblique and leſs numerous, were in- 
ſufficient to counterbalance the cold 
of evaporation, and the inferior ther- 
mometer -deſcended lower than the 
other; this difference continued till 
the next day's ſun reſtored the equili- 
| brium, and produced the alternate 
action which I have deſcribed and en- 
deavoured to explain. 
RefieRions; 8 140. But ſhould this explication 
be inſufficient, the fact is not leſs cer- 
tain; and if we add to the concluſions 
that may be drawn from it, the know- 
. we have of the three ſtates or 
ä modi- 


1 
modifications of fire in ſolid water, 
liquid water, and water in vapour, 


the phenomena of dew and of hoar 


froſt will not be very difficult to ex- 
plain in a ſatisfactory manner. But 
it would carry me too far to develop 
theſe ideas, and they will be found in 
another place. 


$ 141. 1 cannot, however, paſs 1 in fag re- 
ſilence two facts which have an im- from one of 
mediate relation with thele experi- men 2 2 


ments. 
Mr. De Sauſſure amongſt other 
lights thrown on the theory of eva- 
_ poration in his excellent work on hy- 
grometry, has molt” happily arranged 
the vapours ſuſpended in the air un- 
der three ſtates, which he has diſtin- 
guiſhed by the denominations of pure 


elaſtic vapour, veſicular vapour, and 


concrete vapour. The firlt is inviſible 
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in the air; the ſecond forms little 
empty veſicules which occaſion fogs 
; and clouds; the third forms round 
drops or common rain; and theſe 
three modifications ſucceed one ano- 
ther according to circumſſances. 

But are the relative quantities of 
fire employed to produce them equal 
And as water contains leſs fire when 
folid than when liquid, and ſtill lets 
when liquid than when it is in an aeri- 
form ſtate, does not the veſicular va- 
pour require leſs fire than the pure 
elaſtic vapour? | 
Mr. De Sauſſure preſumes with 
reaſon, that this veſicular vapour con- 
tains more fire than the concrete va- 
pour, and in proof he inſtances the 
rains of winter, which ſenſibly heat 
the inferior patt of the atmoſphere ; 
becauſe in as converien of the veſi⸗ 
cular 


* 
» 
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culat vapour into rain, the fire, ſu» 
petabundant to this new form, be- 
comes ſenſible fire, and by its adhe- 
tence to the molecules of water, is 
carried towards the earth. 

But does this phenomenon rake 
f place in the tranſition of water from its 
mate of inviſible elaſtic vapour to that 
n of Veſiculat vapour? Experiment 


e 
$ 
{ 
e 


$ alone can reſolve this queſtion ; and 

- it required all the chance of a purticu- 

- lar meteorological event to enable me 

e to make this OTA in the _ 5 
phere. 


a d 142. This event pteſented irfeelf cr 
„nn the courſe of my experithents on ft 

Þ the 18th of October, t779, in the 
e 

fr 


twilight of the morning. I had a 

fog at the top of the pole during ſe- 
5 vert minutes before it formed near 
- the earth, and at the moment the fog 


NO 
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appeared near the top of the pole, the 
thermometer roſe , of a degree. We 
ſhall have a more perfect idea of this 
Phenomenon by caſting our eyes upon 


the following table, copied from the 


journal of obſervations. 


Therm. 


1779 
18 | covered 
| in the by the 
morning. | ſoil. 
hk, min. ] 
| 6. 40. | 4˙8 
30. 4.8. 
40. 350. 
80. 5,0. 
7. . 87m. 
2. 
15. 554 
30.555 


Fberin. | : hcem. 
at 5 feet ft 75 fret | 
rom the from the Remarkable Events 
ground. | ground. : | 
4,2. | 6,0. Serene, calm, little fog. 
45. 6. 1.  Idem. Ss 
453. 573. Fog a little increaſed, 
422. 6,0. Fog at the top of the pole, 
and none below. 
4.4. 5.9. Fog univerſal, but not thick 
Sun riſes, but very pale. 
4. 5,3. Fog diſappears. Sun ſhines 
: | weakly. _ +. 
6,2. : Idem. | 


a 


C 
; 
S 
1 
e 
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It appears pretty clearly, by the 
courſe of obſervations of the thermo- 


meter at 75 feet, that the appearance 


of the fog at the top of the ry 
cauſed: a momentary hear. 


$ 143. This heat, which is Ae Conjeture 


gaged, and which remains ſome:imes 
mingled in the veſicular vapour, ex- 


plains, in ſome meaſure, why cold is 


never ſo rigorous in cloudy weather 


as when the ſky is ſerene; becauſe in 


clear weather, the rupture of equili- - 
brium, between the temperature of 
the ſuperior and inferior ſtrata of the 
atmoſphere, may be conſidered as 


cauſing a continual current of fire 
from below upwards, which deprives 
both the ſurface of the earth and the 


neighbouring ſtrata of the liberated 
part of this fluid, in a more rapid 
+ manrier than the ſoil itſelf can furniſh 


it. 


— —— —ü — 
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it. For fire, I muſt repeat it again 


and again, cannot be reſtrained or 
cobikited but by itſelf. If, therefore, 
2 cloud appears at a eertain height, 
the fire it carries with it ſtops the cur- 
rent of which 1 ſpeak, makes it re- 
coil, on the contrary, below, and 
eauſes that, which continues to eſcape 
from the ground, to accumulate in 
the inferior ſtrata of the air, and ſoften 
its temperature. 
Another 5 144. Thefe experiments likewiſe 
2 pw afford the ſolution of a ditculty which 
dan. is of importance from its immediate 
connection with the ag of 
heights by the barometer. 
| Thoſe who are acquainted with this 
ſubject, and who have read the ex- 
cellent work in which Mr. De Luc 
has developed this methad and its ap- 
Plications, will recollect his having 
g | announced 


„ 


announced that the obſervations made 


about ſunriſe, and in the hotteſt part | 


of the day ſeldom agreed with his 
rules. The firſt conſtantly making 


the heights too little, and the latter, 


in general, too great. 

Now it follows from the facts 1 hive 
related, that Mr. De Luc and all 
thoſe, who obſerve the thermometer zt 
5 feet from the ground ar ſunriſe, 
ſuppoſe the air colder than it really ir, 
fince even at 9o feet higher, it is 
ſometimes warmer by two degrees ; 
therefore, the ſubtractive correction 


directed by Mr. De Luc is made too 
conſiderable, and the altitudes ob- - 
tained are conſequently too little. The 


contrary happens in obſervations made 
ar the hotteſt time of the day; the 
thermometer at 5 feet from the earth 
ſhews an accidental heat, which does 

noc 
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not exiſt a few feet higher; and as 


they conceive. the whole column be- 
tween the two ſtations to be hotter 
than it really is, the ſubtractive cor- 
rect ion is made too little, or the addi- 


tory too great, and conſequently the 


heights obtained are to) conſiderable. 
A difference of about 29. of the 
common thermometer, or of near 5. 
of the ſcale adopted by Mr. De Luc, 
which frequently takes place between 
the thermometers at 5 feet and at 7; 
in oppoſite directions, is ſufficient to 
affect the reſults conſiderably. It is 
remarkable that the time he mentions 
as moſt favourable for the exactitude 
of barometrical obſervations, viz. the 
fifth part of the ſun's ſtay above the 
horizon, is alſo nearly the time when 
the courſe of the two thermometers 
crols, and when they agree for ſome 

| moments, 
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moments, and conſequently the moſt 
eligible to judge of the temperature 
of the atmoſphere at a certain height, 
by an obſervation made near the earth, 
and by this means to approach the 
true mean temperature required. But, 
as I have already ſaid, it is neceſſary 
ro make the obſervation on the ther- : 
mometer in the ſhade. 

d 145. There is alſo another object Other en- 
of enquiry relating to temperature, on 8 
which theſe experiments may throw f 
ſome light: I mean the regular diur- 
nal progreſſion of atmoſpherie heat in 
different ſeaſons of the year, and in 
particular the true mean heat of the 
24 hours. 

The manner of eſtimating this laſt 
is not generally agreed upon. Some 
ſuppoſe it the arithmetical mean of 
the higheſt and loweſt degrees of the 

T thermo» _ 


=, 
thermometer obſerved in the 24 hours, 
without regard to the duration of the 
intermediate temperatures. Others, 


the mean heat of three periodical ob- 


ſervations made in the morning, at 
noon, and in the evening. 

The true mean heat would reiult 
more exactly from the fum of the de- 


grees of an infinite number of obſer- 


vations made in the 24 hours, divided 
by the number of the obſervations 
themſelves. And the more this prin- 
ciple is adhered to in the proces 
which may be purſued for its deter- 
mination, the nearer will the reſult 
approximate the truth. | 
8 146. In the courſe of my expe- 
riments on the temperature of the at: 


moſphere, I have more than once ob- 


ſerved the thermometer every half 


hour, from the dawn of day till 10 
o'clock 


„„ 
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o'clock in the evening: ſometimes I 


have obſerved every quarter of an 
hour during the ſame interval; and 


by adding to the obſervations actually 
made, the changes of temperature 
which may be ſuppoſed to happen du- 
ring the. night, from ten o'clock in 


the evening till the dawn of day, and 


which would probably follow a regu- 
lar decreaſe in an arithmetical pro- 
greſſion, we might thus compute the 
mean temperature of the 24 hours 
from 48 obſervations; or from 96 


when made every quarter of an hour. 


Agreeably to this method 1 have 
choſen from my regiſter of obſerva- 


tions, thoſe which were made on very 


ſerene and uniform days, in the hot- 
teſt ſeaſon, and alſo thoſe made about 
the vernal equinox, in order to aſ- 
certain the mean heat of the 24 hours 

11 Bo 
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at theſe two periods. The obſerva- 
tions made the 16th Auguſt, 1779, 

will repreſent pretty well the tempera- 
ture of an ordinary ſummer's day in 
our climate; and thoſe made the 19th 
March, 1781, a day in the beginning 
of ſpring. 


Mean tem- I 147. On the firſt of theſe two. 


erature cf 
* wah days, I bad 48 obſervations, including 
bn | 


the variations I ſuppoſed to have ta- 
ken place from 10 o'clock in the even- 
ing till 40 minutes paſt 4 in the morn- 
ing. I had left the thermometer at 
14* at 10 o'clock in the evening, and 
finding it at 1091 at 30 minutes paſt 
4 in the morning, I divided the 3, 
between the 6 hours and : which were 
elapſed; and thus formed ſo many 
ſuppoſed obſervations, which proba- 
Ely were not far from the truth, and 
whoſe | poſſible variation could have 

but 


— D 


fn) 
but a very trifling influence upon the 
mean of the 24 hours. 

By this procedure, I tound the 
mean heat of the 24 hours deduced 
from the 48 obſervations taken in the 
ſhade at g feet from the earth, to be 
16?,1, | 
In the courſe of my obſervations, 1 
found that the thermometer indicated 
this temperature about 8 o'clock in 
the morning, and about 7 4 in the 
evening. If, therefore, one ſhovld 
be defirous of obtaining an idea of 

the mean beat of a clear ſummer's 
day by a ſingle obſervation, this ob- 
ſervation ſhould be made at one of 
the hours juſt mentioned. 

The mean of the extreme tempera- 
tures obſerved that day, viz. at ſun- 
ves and at 3 o'clock in theafternoon, 
T 3 gave 
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gave 16*,05 nearly approaching that of 
the 24 hours found above. 

The mean of 3 periodical obſerva- 
tions made the ſame day, viz. at ſun- 
riſe, at ſunſet, and during the hotteſt 
moment of the day, gave 169,5. 

And the mean of 3 obſervations, 
made at ſunriſe, at noon, and at ſun- 
ſet, gave 169,1. which agreed per- 
fectly with the mean of the 24 hours. 
The difference between the hotteſt 
and coldeſt time of the day was 1298. 

$ 148. By combining in the ſame 
manner the obſervations of the 19th 
March, 1781, made every quarter of 
an hour, viz. to the number of 96 
during the 24 hours, we find the fol- 
lowing reſults: | 

The mean heat at 5 feet from the 
earth in the ſhade was 5 83; and we 
found this degree of temperature at 

8 o'clock 
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 Bog'clock in the morning, and at 10 
in the evening. It is remarkable, 
that in ſeaſons ſo different the mean 
heat ſhould be equally repreſented 
by the obſervation made at 8 in the 
morning. But the mean between the 
extremes of temperature on this day 
gave 72,9. which exceeds the mean 
of the 24 hours 2%, 1. The mean of 
three periodical obſervations made at 
ſunriſe, at ſunſet, and in the hotreſt 
time of the day, gave 92,3 ; and the 
mean of 3 obſervations made at ſun- 
riſe, at noon, and at ſunſet, gave 
8,8; which exceed the other mean 
ſtill more. The difference between 
the extremes of temperature this oi 

was 14%8. 

From theſe examples it may be 
preſumed that it would be difficult to 
ire any ſimple formula, applicable 

yo to 
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d0ð all ſeaſons, which, from two or 
| three obſervations made at certain pe- 
riods of the day, would nearly ſhew 
the mean temperature of the 24 


hours. 
A graphical Y 149. In my daily obſervations, 
+5 wo have found nothing more convenient 
theſcingu;- for obtaining a clear idea of the diur- 
. nal courſe of atmoſpheric heat, than 
after the example of other philoſo- 
phers, to repreſent it graphically by 
means'of curved lines, upon the axis 
of which I marked abſceſſes propor- 
tioned to the times elapſed between 
the obſervations, and the correſpond- 
ent ordinates thereof repreſented the 
elevation of the thermometer for every 
obſervation. The form of the curve 
which paſſed through the extremities 
of theſe ordinates, and which became 
a ſtraight line oblique to the axis in 
9 the 


<3 

the ſuppoſed obſervations between 10 
o'clock in the evening and day-break 
in the morning, deſcribed to the eye, 
in the moſt compleat and fatisfactory 
manner, and an an inſtant, what could 
not have been diſcovered without 
much time and infinite attention in 
columns of cyphers repreſenting the 
obſervations themſelves. 8 

$ 150. This curve preſented an ir- Curve 
regularity in the part correſponding to — 
the obſervations made towards 9 — 2 
o'clock in the morning in ſummer 
it there formed two or three 2/g-2ags, 
occaſioned by a light breeze which 
generally roſe about that hour in the 
ſerene days, and cooled the atmoſ- 
phere by intervals. The curve aiter- 
wards regained its regularity, became 
parallel to the axis between 2 and 3 
oclock P. M. and from that time till 

f . | ſun- 


Cn 3. 
Tunſet approached it more briſkly than 
it had diverged from it in the morn- 
ing. The curves of different ſeaſons 
have each their characteriſtic. Thoſe 
of the ſpring are moſt convex, be- 
cauſe the extreme differences of tem- 
perature at this ſeaſon of the year are 
greateſt. 

But I am wandering from my ſub- 
Jet. It ſhall, however, be reſumed 
m the following chapter, which will 

conclude this eſſay. 


CHAP. 
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CHAP. IX. 
Experiments on Heat produced by 
Fridtian. 


9152. Ir the diſcovery of a truth Og. ; 


a ſource of real pleaſure to a philoſo-the cauſe of 
1 5 . - heat produ» 
pher, an opportunity of correcting an ced by fric- 
error which he had adopted will alſ 
be a gratification to a candid mind, 
and is what I experienced in the courſe 
of experiments contained in this chap- 
ter, MT 
l was perſuaded that the heat pro- 
duced by friftion was . owing, in a 
great meaſure, to a kind of mechani- 
cal decompoſition of the air between 
the ſurfaces rubbing againſt each other; 
and this opinion appeared to be pro- 
| | bable 


f 
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bable from the obſervation that the 
fragments of ſteel detached by the 


ſtroke of a flint, were not melted in 


vacuo as they were in air. This hy- 
potheſis ſeemed alſo to be ſupported 
by conſiderations on the quantity of 


fire chemically contained in this elaſtic 
fluid. But we ſhall preſently ſeg, that 


2 


experience has overturned it. = 
81 53. In order t Ty the * 


It is a kind of clock-work move- 


ment, 3 inches in diameter, and 2 in 
height. The moving power is a 


{ſpring inclofed after the uſual manner 
in a barrel, the wheel of which has 
120 teeth; and runs in a pinion of 13 
leaves, whoſe ſpindle carries a wheel 
of 98 teeth, This wheel runs in a 


pinion of 8 leaves, which drives a 
third 


„ i 
third wheel of 60 teeth, and this turns 
a third pinion of 22 leaves, which oc- 
cupies the centre of the machine to- 
wards the upper plate. The ſpindle 
of this pinion projects above the plate 
and is terminated by a ſquare, to 
which the ſubſtances deſigned to make 
trial of the friction are adapted. 

In conſequence of ſuch a number 
of teeth and leaves running in each 
other, the-laſt pinion makes 334 re- 
volutions for one of the wheel of the 
barrel. bY 2 
To this pinion ate fitted ſeveral little 
hemiſpherical cups with rhe concavity 
uppermoſt, and their bottoms being 
pierced with a ſquare hole correſpond-- 
ing with the ſquare of the ſpindle, - 
they are placed thereon and turn wich 
it. The cups I made uſe of were of 
ſteel, of braſs, and of wood, and of 
| two- 
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two different diameters, viz. 7 lines 
and 33. 

Immediately over the centre of the 
cup fixed for the experiment, I place 
a mercurial thermometer, whoſe bulb 
is only 21 lines in diameter. This 
thermometer may be raiſed or lowered 
ſo as to enter, more or leſs, the cavity 
of che cup without touching its ſides; 
by which diſpoſition it is calculated to 
receive and ſhew moſt readily the heat 
given to the cup by the friction. 

The friction operates on the outer 
edge of the cup near the brim; 
and in order to vary it either by the 
degree of preſſion, or the nature of 
the ſubſtances rubbing againſt each 
other, I employ a horizontal lever, 
whoſe point of ſupport is at one of the 
extremities, the direction of which is 
parallel to a tangent of the circumfe- 
rence 


PFF 


( 287 ) 
rence of the cup, and at the other ex- 
tremity a thread is fixed at right an- 
gles, which, paſſing over a pulley, 
ſuſpends a weight that may be varied. 
The lever is furniſhed with a mouth- 
piece at #s mid-length, reſembling 
that of the cock of a piſtol, in which 
place the different ſubſtances intended 
to rub againſt the cup with a preſſion 
determinable by the weight. For, as. 
the lever is of the ſecond claſs, and 
the diſtance from the mouth-piece to 


the point of ſupport is 133 lines, whilſt 


the weight acts at its extremity at 
double that diſtance, or 267 lines, the 


action of the weight preſſing the ſub- 


ſtance rubbing againſt the cup is dou-- 


ble the weight itſelf, which being 4 


drachms, 18 grains, its effect is con- 
ſequently equal to 1 ounce, 36 grains; 
and this is the preſſion I have con- 

| ſtantly 


1 : 
£ 
: 
i 


bing ſubſtance, the wheel of the bar- 
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ſtantly employed in the experiments 
of which I am about to render an ac- 


count. | 
I found the relative velocity of the 


ſubſtances under friction, in the fol- 
lowing manner. When I applied the 
Reel cup of 7 lines diameter to the 
ſpindle of the pinion, and ſuſpended 
to the lever the weight above men- 
tioned, putting in the mouth- piece a 


bic of braſs to rub againſt the. ſteel, 
the wheel of the barrel in running 
down makes 5 revolutions in 8 ſe- 
conds; it may therefore be concluded, 
that in this caſe the circumference of 
the cup is moved at the rate of 32 


feet in a ſecond. But when inſtead of 


the great ſteel cup I ſubſtitute a braſs 


one of only 34 lines diameter, leaving 


the ſame preſſion and the ſame rub- 


rel 


x 


-which gives the circumference of the 


its being readily introduced into the 
common receivers; and it may be ſet 


which traverſes the leathern apparatus 


jets of my inquizies. For this pur- 


ſtance next to the diamond, I ſet the 
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rel makes one revolution in a ſecond, 


cup a velocity of 25: feet in a ſecond. 

And theſe are the extremes of the ve- 

locities employed in my experiments. 
The apparatus is of a fize to admit 


in motion in vacuo by means of a rod, 


commonly employed for this purpoſe, 


and the extremity of which touches a 


ſpring or trigger. 
8 154. Comparative experiments in "Revs 


ments on 


the air and in vacuo were the firſt ob- friction in x 


the air, and 
in vacuo. 


poſe, having adapted a cup of tem- 
pered ſteel, and placed in the mouth- 
piece a bit of adamantine ſpar, which 
mineralogiſts eſteem the hardeſt ſub- = 


U machine 
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machine in motion in the air. Sparks 

flew out during all the revolutions, 
and formed a radiated ſheaf of light, 

whoſe top was at the point of contact. 

The thermometer 1n the centre of the 

cup, at ſome diſtance, however, from 

its ſides, ſhewed no figns of heat pro- 

duced by the friction. 

I repeated the experiment and placed 


the bulb of the thermometer without 


the cup, very near its outer edge, 
preſuming that the fire carried away, 
perhaps, by the rapidity of the revo- 
lutions would form an atmoſphere 
round the edge, and thereby affect 
the thermometer. But the inſtrument 
in this new diſpoſition gave no figns of 

hear. 
I repeated the experiment in a va- 
cuum, where the mercury of the gage 
ſtood at 4 lines. The thermometer 
ſhnhewed 


( 291 ) 

{hewed no figns of heat in this caſe, 
and | ſaw no ſparks. I even thought 
that no light was produced ; but 
when I renewed the experiment in 
complete obſcurity, I faw at the place 
of contact a phoſphoric glimmer, like 
that obſerved upon n hard ſtones 
in the dark. 


$ 155. From the reſult of theſe ex- The reſt 


proves no- 


periments I naturally concluded that, ty.;ng.: 


in the preſent diſpoſition of my appa- 
ratus, the heat produced by the fric- 
tion was ſo weak that the thermometer 


thus ſituated could not indicate it in a 


manner to be depended upon; for, I 
could perceive no variation in the ex- 
periments made alternately in the 
air and in vacuo, except that in the 
former I obtained ſparks, and in 
the latter only a feeble phoſphoric 
light. 2 £ 
Us.” & 156, 1 


the appara- 
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8 156. I now ſubſtituted the braſs 
cup of 3! lines inſtead of the ſteel 
cup of 7 lines, and the bulb of the 
thermometer almoſt entirely occupy- 
ing the cavity of the cup, it was ſo 
near its ſides, that the ſmalleſt heat 
produced muſt affect it. I placed in 
the mouth-piece a bit of braſs, and 
the preſſion being always the ſame, 1 
ſet the machine in motion in the air 
ſeveral times following, and each 
time obtained an aſcenſion of 2 of a 
degree of the thermometer. ' 

I obſerved that the thermometer 
did not begin to mount till the ma- 
chine had finiſhed its revolutions. 
Their rapidity, without doubt, gave 
to the ambient air a tangential force 
which carried off the fire in propor- 
tion as it was diſengaged by the fric- 


tion; but as ſoon as the motion ceaſed, 
the 


at 


TT} 
the thermometer roſe during 15 or 
20 ſeconds to a certain maximum, 
which varied, as will be ſeen, ac- 
cording to circumftances. 


81 57. 1 repeated the ſame expe- Reſult con- 
. trary to my, 
riment in a vacuum which ſupported erpedtaion- 


an inch of mercury, and 1 obtained 
a mean aſcenſion of 1,% ; with this 
difference, that the thermometer roſe 


whilſt the machine was in motion, and 


thereby confirmed the explication I 
have juſt given of the cauſe which 
rendered it ſtationary in the air. 

In this inſtance we ſee fire excited 
by friction more efficaciouſty in vacuo 
than in the air. The ſpecific heat of 
air, by abſorbing a part of the heat 
produced, tended, without doubt, to 
increaſe the difference of theſe reſults; 
but the difference which ſtill remained id 

1 was 


[ od 3. 


was ſufficient to induce a ſuſpicion of 


my miſtake. | 

To aſcertain whether the heat I had 
obſerved was really owing to the fric- 
tion of the ſubſtance in contact with 
the outer edge of the cup, I put the 
cup in motion, without any thing 
touching 1ts edge, and the thermome- 


ter remained perfectly ſtationary. 


The in fa- 


$ 158. In theſe experiments we 


ene of . ; 
haranefs in have ſeen metallic ſubſtances. of the 


the rubbing 


ſubſt ances. 


ſame kind in contact, and to know 
whether the hardneſs of the rubbing 
ſubſtances was one of the cauſes which 
contributed to the production of heat, 


T let the braſs cup remain, and placed 


in the mouth-piece, inſtead of the 
bit of braſs, a piece of the ſoft wood 


of a pencil, which touched the cup 


by a very narrow edge only. By this 
diſpoſition I obtained in the air a mean 
alcen” 


5 
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aſcenſion of 4% of a degree, which 
was greater by is than what had been 
produced by the friftion of braſs 
againſt braſs. 

To confirm theſe reſults I ſubſti- 
tuted, inſtead of the braſs cup, a cup 
of very ſoft wood of the fame diame- 
ter, leaving in the mouth-piece the 
ſame bit of wood which had been 
made uſe of -in the preceding experi- 
ment. This alteration occaſioned an 
aſcenſion of 2% 1 in the air, which 
was the mean of three experiments 


that differed only rs of a degree from 


each other. In this caſe, wood rub- 


| birg againſt wood, produced a heat 


three times greater than had been ob- 
tained by the friction of wood againſt 
braſs, which perfectly confirmed the 
firſt reſults. 5 

v4 I re- 
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I repeated this experiment in va- 

cuo, and had a mean aſcenſion of 

2% 4; that is to ſay, a little more 

heat than in the air, according to the 
preceding obſervations. | 

Experimant §& 159. Still better to determine 

in condenſed : | 

ab. the influence of the air, I was deſi- 

rous of repeating the experiment in 

the extremes; that is, having already 

made it in vacuo, of trying it in con- 

denſed air. The gage of the con- 

denfing pump was at 48 inches, and 

the air within conſequently charged 

with an atmoſphere and three fourths. 

In theſe circumſtances I obtained only 

> of adegree of heat; whereas I had ob- 

tained 29,4 ina vacuum which ſupport- 

ed one inch of mercury, and the poſition 

of the thermometer remaining always 

the ſame, in a ſeries of experiments 


made 
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made with the fame cup, no acct- 
dental variation could have happened. 


$ 160. But chance occaſioned the gjngutaret- 


diſcovery of a circumſtance which 


fect diſco» 


powerfully modified and ſtill more aac 


completely overthrew the ideas I hal 
formed of the cauſe of heat produced 
by friction. 

When I employed the bras cup, 
J was apprehenſive, from the ſmall- 
neſs of its concavity, that the bulb: 
of the thermometer, owing to ſome 
irregular motion, might be broken 
by the rapid friction of the metallic 
body, which it almoſt touched. And 
to prevent this accident, I lined the 
infide of the cup with cotton, which 
touched- very ſlightly, and by ſome 
filaments only, the under part of the 


bulb. I now ſaw with much furpriſe 
the 


(Wy - 

the thermometer riſe 5 or 6 degrees 
during the revolutions of the cup. 
This phenomenon took place inde- 
pendent of all external friction againſt 
the cup, and was therefore manifeſtly 
owing to the friction, although very 
light, of the cotton under the bulb 
of the thermometer. 

I repeated this experiment in _ 
different ways, and obſerved, that in 
proportion as I preſſed the thermome- 
ter upon the cotton, the heat was in- 
creaſed, and to that degree, that the 
thermometer I uſed for theſe obſer- 
vations having only 15 degrees of 
movement, I was fearful of breaking 
it by carrying the experiment to the 
extreme. 

There are certainly few bodies 
more yielding than the filaments of 
cotton, and yet it was their friction 

which 


5 
? 
| 
| 
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which was the moſt energetic of all the 


means I employed in producing hear. 


It 1s true that the cotton rubbed the 


bulb - of the thermometer itſelf z. 
whereas all the other frictions had 
been made only againſt the cup which- 
ſurrounded it: But I cannot be per- 
ſuaded that the difference of the re- 
ſults was ſolely owing to this cir- 
cumſtance. It appeared, that the 
heat produced in vacuo was, in this- 
caſe alſo, greater than that produced: 
in the air; but it is evident, that ex- 
periments made in this manner can- 


not be rigorouſly comparative, be- 


eauſe it is impoſſible to aſcertain a 
perfect equality of preſſion upen the 
cotton an two conſecutive experi- 

ments.. 


upon the facts IL have juſt related, 
"MY 


§ r6r. It is very difficult to reaſon Reflections. || 


4+ 2 

They offer only ſome data for our 
procedure, by way of exclufion. We 
fee that it is not air which cauſes heat 
in friction; we ſee alſo that it is not 
the hardneſs of the rubbing ſub- 
. ſtances ; but we do not perceive what 
is the quality of bodies on which this 

effect depends. 
The ſparks produced by the oor 
liſion of flint and ſteel, are probably 
owing to two cauſes, iſt, To the 


hardneſs of the ſtone, which enables 


it to penetrate the ſteel, and to detach 
from it very thin fragments in the 


form of ribands. 2ndly. To the 


combuſtibleneſs of ſteel. This metal 


being raiſed by the friction to a de- 


gree of temperature in which it is 
able to decompound the oxypenous gas, 
and offering by its great attenuation 


2 confiderable ſurſace to the ambient 
: atmoſ- 
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atmoſpherical air, combuſtion begins 
in ſome part of that ſurface, and once 
begun, the freed caloric is ſufficient. 
to continue it, till the metal becomes 
entirely oxidated or converted into a 
black ethiops. | 
This is therefore a chemical obe- 
nomenon, which does not take place 
in vacuo, becauſe there is not any 
oxygenous gas there. | 

$ 162. It is perhaps allowable to Conjec- 
riſk conjectures on a new ſubject, 9 2 5 
when the truth is yet undiſeo- 
vered. | 

May not the heat babes us a 
cauſe ſo ſimilar to that which gene- 
rates electricity, depend upon the 
electric action, which was, without 
doubt, excited by the gentle friction 
of the cotton againſt the ſurface of 

the glaſs bulb? Fire and the electric 

„ fluid 


La | 

fluid develop themſelves reſpectiveh 
in many other caſes, and we have ſeen 
an example in the preceding experi- 
ments, which may aſſſt us in con- 
ceiving the poſſibility of a reciprocal 
action of the two fluids in this laſt. 

If electricity ſhould have no ſhare 
in theſe effects, may not à vibratory 
movement, excited by friction in the 
matter of fire contained in the pores 
of the ſubſtances, develop the action 


of this element ſo eminently elaſtic? 


Thus, to give an example of an 


analogous effect, the wet finger moved 


lightly on the edge of a glaſs produces 
a ſtronger and more complete ſound, 
than a blow from a hard and ſolid body 


a upon the ſame glaſs. In like man- 


ner the bow produces a ſtronger ſound 


from the ſtrings of a violin, by being 
drawn 
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drawn acroſs them, than can be ob- 
tained hy ſtriking them violently. 

A particular fact obſerved by Mr. 
Benjamin Thompſon * tends to con- 


firm this conjecture, He remarked, 


in a courſe of experiments on ſome 
pieces of Ordnance, that the cannon 
was much more heated when- fired 
with powder only, than when a ball 
was added; and he ſhews very clearly, 
that the heat which the piece poſſeſſes 
after the diſcharge, is, in general, 
very little owing to the heat produced 
by the inflammation of the powder. 
That able philoſopher endeavours to 
explain this fact by the hypotheſis 
which I have” juſt mentioned. He 
preſumes that the ſudden commotion 
which takes place at the inſtant of 


* Philoſ. Tranſat. 1781, and part- 
_ me. 
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the exploſion of the powder without 
ball, puts the fire much more effec- 
tually into vibration, than when the 
| ſhock is deadenened by the preſence. 
of the ball. | 

But what is! the quality of bodies 
moſt likely to produce this vibration 
in the element of fire? Is it their 
own elaſticity? The obſervations I 
have made ſeem to prove the con- 
trary. Do not the ſpecific heat of va- 
rious ſubſtances and their different 
permeability to the matter of fire 
operate alſo as coefficients in the ei. 
ſes of friction? and if r expeg- 


n- 
a 
nt 


